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Plainly demonſtrating,out of the here BA 


_ to proje& both great and {mall circle; pay” I 
Plane whatſoever: with a new Conccit of re- - 
" eing the Sunne beames upon a Diall, contri- 
ved ona Planc, which the dire& beames 
| can neverſhine upon. 
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TOGnrTHER 


| VVith the manner of cutting, the five Regular 


Platonicall bodies; and two other, the one of 
12,the other of 30 Rhombes, never diſcovered 
heretofore ; alſo the finding of their 
Declinations, and Reclinations, 
and adoring them with 
variety of Dials, 


| all performed, by the Doctrine of Triangles; and for 
'F caſe, and delight ſake by helpe of the late invented, 
and worthily admired Numbers, called by 
the firft Inventor, Zogarithmes. 
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Pere p23 HiDbowsrs arcdch- 
IP nedby our* Maſters of * Vit: 
SSXRN, the Opriques , to be but Rifner®s, 
JN d Tmminutions of Light 4% Y 
LP £@Þ cauſed by the Jntercepti- 28 
Ew TS 035 of Opacoys bodies: 
hole ſubtile entitie, hath mooved 
e great * Geometers , to aſſimilate Ky 45:0 
m unto a Superficies , and tearme * : 
m Eaipariuas y that is to lay , Ap- 
ences. Nevertheleſſe it hath plea- 
| the Founraine of all Wiſtome, to bound 
enthele Shadowes with Precepts, and 
ge them within the ſocietie of Arts. 
ther ſtands this Art of ſhadowes in a- 
| #arke or inferiour Place ; tos by them 
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are weled onto. many rare and ſublime} 
ſpeculations. It is froin Shadowes wee at j 
I gue the cauſe of Eclipſes, their Quantinf , 
*% and Qualitie ; The Magnitudes of the IF; 
2 minaries and their Altitudes; Fromthef.. 
we obtaine the Longitudes and Latitugy, 
of Places; diſtinguiſh the Zones, Climgp 
and Paralels ; They firſt taught us bj, 
Spherical! Figure of the Earth, its Maghac 
tude , and Diſproportios tothe vaſt Viſm 
verſe, To thele are our beſt Painterse; 
debted for the Life and: Grace of tif 
| choiceſt Preces; Andtheſe (if we may y 1 
lecve Ptolemy) are the mutable confho 
ons ot Mey , Kingdomes , and Comirft 
wealths imputed. In a word , it Rec 
Art of Shadowes which reQifieth our yet 
count of Tine , not after that Ruſifmj 
hunzry way of a gratefull decupledſy;yþ; 
dow,(che time of an approching lupþyy 
but by a certaine and demonſiratinfone 
ſtin&ion thereof, For though theo 
cients, who ſpun long threads of lien 
ſcarce any further reſpe& to the pili 
the day, than the Morning, Noone 
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{4 yenine ; Yet as the ſtocke of life after 

ve} ſome few Ages began to ſpend , fo they 

At likewiſe to attend a more ſerious & pru- 

ty dentexpencethereof,and to diſcriminate 

the day into ſmaller particles. Now be- 

ned cauſe among the heavenly bodies , that 

u&bright Lampe of the YVorld, is the 

MpPrincipall Meaſurer of Time, andthe Eye. 

$ alone not able by thoſe variable alci- 

Mades, to diſtinguiſh irs Diurnal archiinto 

 Vimaller portions , therefore have ſome 

rr:fleepe and witty Artif/staughtthe Sunne 

f iſo trace out his way upon the Earth,and 

1a)þy the ſhadovy of an Ax#x to. marke out 

oniole lefle parts of the day unto us. The 

Mrſt Gnomicall Organ, which ſtands upon =» 
' BKecord,is the Diall of King*4haz(wher- * 2.X51g.20 
outfythe Almighty was pleaſed to expreſle *** \ 

.ouE miracle for the recovery of King Heze- 2/ay 38.8. 

ledfpab, and moyed the Babylonian Ambaſſa- a Le. 

P47 to inquire of the wonder that was * * 

atifonein the Land) which whether ir were 
thiConvex or Concave Hemiſphere,(as moſt 

{ lienuine and naturall, and afterwards fa- 

e pWiliar among the Chaldeans ) is yet left 
one C 3 un- 
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arc weled on to. many rare and ſublinge} | 
ſpeculations. It is from Shadowes wee at j 
I gue the cauſe of Eclipſes, their Quanti] , 
6, and Qualitie ; The Magnitudes of the I; 
- minaries and their Alritudes; From the. 
we obtaine the Longitudes and Latitug, 
of Places; diſtinguiſh the Zones, Climd 
and Paralels ; They firſt taught us th1, 
Spberical! Figure of the Earth , its Maghge 
tude , and Diſproportios tothe vaſt Vi; 
verſe; To thele are our beſt Painterse; 
debted for the Life and: Grace of tig + 

_ choiceſt Preces; Andtheſe (if wema y 
lecve Ptolemy) are the mutable confhof 
ons ot Mey , Kingdomes , and Comirſt 
wealths imputed. In a word , it isRec 
Art of Shadowes which reR&ifieth outhyet 
count of Time , not after that Ruſlmj 
A hungry way of a gratefull decupledſpgþ; 
_ dow,(che time of an approching ſupÞyr 
but by a certaine and demonſiratifne 
ſtin&ion thereof, For though theo, 
cients, who ſpun long threads of lil 
ſcarce any further reſpe& to thep 


the day, than the Morning, Noone 
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| vening ; Yet as the ſtocke of life after 
4 ſome few Ages began to ſpend , fo they 
| likewiſe to attend a more ſerious & pru- 
lh dentexpencethereof,and to diſcriminate 
the day into ſmaller particles. Now be- 
nd cauſe among the heavenly bodies , that 4. 
ubright Lampe of the YVorld, is the | 
Principal Meaſurer of Time, andthe Eye. 
$ Talone not able by thoſe variable alci- 
#$ades, to diſtinguiſh irs Diurnal archrinto 
 Vimaller portions , therefore have ſome 
r58cepe and witty Artifsraught the Sunne 
| ſo trace out his way upon the Earth,and 
a)þy the ſhadovy of an Axis to. marke out 
onſhole lefle parts of the day untous. The 
rſt Gromical Organ, which ſtands upon | 
 1Record,is the Diall of King*4haz(wher- * 2.X51g.26 
outhythe Almighty was pleaſed toexpreſſe © * \ 
.olEmiracle for the recovery of King Heze- 2/:y ; 8.8. 
ledab; and moved the Babylonian Ambaſſa- IN 6 
 upÞ4r5 to inquire of the wondey that was bs 
atineinthe Land) which whether ir were 

thConvex or Concave Hemiſphere,(as moſt 
{ linuine and naturall, and afterwards fa- 

ic pPiliar among the Chaldeans ) is yet left 

one C 3 un- 


undecided. Yet ſome there are, wry 4 
crowne- Anaximenes. the Lacedemonidl 1 
therwith,as firſt giving breath to the Sg-£ 
oteriques,It crept into Roxue later;as may 1 
2 additedtothe Diſcipline of the'Fiely 0 
then of the Heavens , contenting then 
ſelves only with the Riſing and Serringy 0! 
the Sunne. digefted into the twelve th 
bles; Aecenſns the Conſull afterward & Ve 
terminingthe Nooxy-1ide,and that onlyſfs: 
ſereno dayes , foone after the Pun et 
warre. And no further light had dpus 
rill the Conſul M. Val. Meſſala, beautine® | 
Colume with a Diall neere. the Roſh ple: 
ſaith Yarro. The excavated Heniſphap" 
is attributed to Beraſus rhe: (balacan, kill 
ter thetaking of Catana in Sicilie. Ong? 
voice it onthat witty Samian Aviſtarctf*< 
_ (to whom. Copernicus is indebted forf® - 
Heroicke Hypotheſis of the Barths Mon wy 
as firſt {hadowing out the houre lin > : 
a'Plane. Yet ſure the Scaphe or Congd iſcon 
Hemiſphere was in uſe before him; 
Eratoſthenes is well knowne to haveF. by 
rerminedhereby,ſome (zleſtial and ®* 
ve 


bl reftrial diftatces, But what the Super/icies 
id was,or who the prime Inyenterin thoſe 
{- Cloudy Times, is not much mactcriall, 
of This we know, that for the complement 
44 ofthis Art two of the moſt Divine muſt 
«8 deſcend from Heaven to conſulc there- 
71 0n ; theQae conferring lines , that other 
the Swhſiile motion of th: Sunne., The Sur- 
1 $>e50ur 'may ſearch out Altitudes , Longi- 
{[Wif#2c5, 401d Latitudes ; The Military Archi- 
ad#ett fabricate his Fore; The Enginer plant 
his (anon, Convey his Myze, by the only 
Suelpe of chree right Lines ; But the com- 
[pleat Shadowiſt cannot here reſt without 
j,Farther helpe from above. For beſides his 
n,Pkillin the Spberiques, together with the 
x<$-awes of that greater Luminaries mo. 
cj&2n, he muſt be abſolute in all irs (7rc.i- 
of 4jections , as Declinations, Right and 
of gus Aſcentions, Altitudes; Amplitudes, 
Oe imutbes, Culminations, Arches Diurnal, 
$ſcondent,Deſcendent Fc. Truly the light 
* {* weet, and a pleaſant thing it is forthe 
; yes to behold the Sunne, (as the V Viſe Zcele{1 1.7 
on laith) how much more when ac- 
COT = 


companied with ſuch vdfietie of diſpar] 
titions, - Neither reſteth it here only; 
rhough affording a ſeat of ſufficient cong | 
 tentment,but pracceds to a further ber 
fit in humane affaires, What more inva 
luabſe than Time? we having nought tf \ 
boaſt of but only its poſſeſſion, and thyp , 
more momentany than the fleeting Shuf | 
dow. it ſelfe; the Future houre is no may 
mine than the Precedent, only Hope ( 
weake ſtaffe whereon we too much. ref 
makes me Lord of it, & yet ourtof whig 
every {mall cafualtiecan expell me Hy 
then is the good Steward that well it 
proyes it, and thebctter in being joggi 
- on byafrequent Remembrancer, whif Tg, 
this mute Monitor faithfully perform 
Here have wethen by this learned; 
*h  thour the art of numbring Time by if _ 
| dowcs, afterthe moſt Merbodicall, (ﬆ * 
pendious and Perfpicuous manner « 
pleatly and demenſtratively. deliveted| 
all Planes, both by Lines aud Num 
The worth of the worke will be beſt 
lucd by thoſe, who after much wands 
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have atlength fate downe wearied, with 
the obſcure and royliome Labyrinths of 
others. There can be found no necrer 
path then that which leads in the ſhor- 
reſtextenſion this I luppole t. ſute beſt 
with Pilgrims, who hbave long Wayes 
T and ſhorthives;It will become thoſe rhat 
enterthe lame,to reverencethe Finger 
direFive, and bleſieGod, the Father 
_ of Liebts , from whom cvery 


goods gift te deſcends, | 


London, Greſham (olledge; 
} -Inne6. 1 635. 
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THE AVTHOR-T0- 
THE READER; {| « 
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{PLD ciſe , above thirteems 1% 
WP yeeres fince , as diveril ſte 

| we myfriends know: what pre 
in I bave beenethe more curious, to bank tbo 
every kind of Plane , nos with anytboughy «t 
or purpoſe , ever to print the ſame, . butfc01} 
keepe it by me , for ſatisfaFtion to my ſejh9*1: 
and friends whenſoever there ſhould 4 - 
cauſe to uſe it. Yet ſbortly after the Wal" * 
Was finiſhed, occaſion to make uſs of it ani] 1 
on occafion for my friends to take notinj 1 
A thereof: amongs1 the reſt, my two late WF 
thy friends, Maſter Henry Briggs, (f7”, 


The Author tothe Reader. 


\ fiiled by a Reverend Divine our Engliſh Archime- 
1 des) and Mafter Edmund Gunter , Aftronorwie 
| Ledurerof Greſham Colledge, defired to pernſe.” 
\! it 3 and finding that the Arichmeticall part was per 
+ formed by Loparithmes of both kinds , and therefore. 
0 = ſerve inſtead of uſes for the Chiliads and Canon, 
| compiled by them ; did earneſtly follicite mee to print 
| the ſame: but they both djing,tbis motion of theirs died 
v6 with thens. 
ne} - Of late it hath beene againe revived , by the re- 
xn. queſt of other Friends ; but eſpecial y bythe encourage- 
end ment of my much reſpefied, and learned Friend Ma- 
_ it fer Henry Gellivrand , who hath annexed his ap- 
- probation of that , which in my owne opinion I never 
auf} thouht wortby of ſo much efteeme. 7 bave therefore. 
ml at length ( yeelding to the importunitie of Friengs ) 
b conſented to let it þaſſe to the publike rview. If any 
Ebenefit grow from it, let him have the bonour , that is 
36 he Authour of all good gifts, and let my Friends ſhare 
m n the thankes , « 65 have in a manner extorted it our 
dp} my bands, 
| " I bave prefixed an Index of rhe principal matters, 
94 WE #tained in the whole Booke, diſtinguiſhed into Chap- 
(lf *75> Vicb the faults eſcaped havin ; tothe end, = 
{< ce 


The Author tothe Reader. 


bee that will not take the paines to read all over , may 
fix upon thoſe Chapters that will ſerve bis turne , and 
corrett the faules of thens before be begin to read. Mg. 
 nymore no doubt bave eſcaped , the ratber becauſe: 
could not attend the Preſſe my ſelfe, which you may | 
mend as you meet With them , and beare 
with the common frailty of al 
Mankind. 


AN INDEX OF THE 
PRINCIPALL MATTERS OF THIS 
Booke , with the faults eſcaped 


therein. 
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Cray. I. : 
Pag, 


1 lin, 16 How to divide a line, which may ſerve enftead of 4 

i  Setor toſet off any lineby Tangents, 
2 lin, 13 How to find the Naturall Sines, Tangents, or Se- 

| cants, by helpe of the Artificial, 
| ' 29 How to make aline of chords , to any proportion aſ- 
| ' fegned, | 

+ 4 lin 16 Ancafie way to make aline of chords, 

, 33 How to ſupply the want of a chord, by a ſcale of In- 


ches. 


Faults eſcaped in this Chapter, 
; 2 lin, 35. 34630. for 34730. the ſine of 104, doubled. 


——_— 
_ - _ EI. 


| pee. Cui? FI 


5. lin. 17 How to reſolve aright lined triangle by the Cht- * 
ligaes 


3 The Contents. 


i E:  Jiades onl , p- 120 ſuppl the want Fg a Canon by hems P 
qui -aftion 4: e1 Fw. 
: Es hs Ih ' funk of of Ls 4 
2] 
24 
* angle, J. z; 
I5 1.23. The caſes of oblique triangles. | 32 
34 
.”-Faults eſcaped in this Chapter. * } 43 
-  $ Comittedin art third Diagram. 44 
x0lin.33. god. for 60 47 
11 tin;20-Thelineteft out berweene the Sun and differ; of thy 5x, 
| Logarithmes, EE | 
23 thefor theſe, . 
161in.25 (theſine of ) ſaper fluous, to be tirokeo out. 
17 lin. 7 & 28 Arith, complement twice emitted. Pag, 
191io, 2.3.4. tbe 3 Angles A BC, ſhould havebeene ſet a part F7: 
andalt{iimumed up wn | 58, 
I TIT IE IR} _— rm rr Ee WT BOS: —_— 60; 
| Cuay.' IIl. 
4 Pag. 
| 20,1 lin, 4. (antions tobe obſerved i in the uſe of Sphericall, 
We angles, 61, 
Lin.17. How to avoid ſubtrattion in the uſe of Logaritt ' 
F 26. Theproportion of verticall triangles, 62.1 
21, lin. 1.How to ſupply the-want of a (anon ,, out of rhe Ha 
 fiads, 


16, When to uſe the FR alone , and when the Sinet6 
T angents together, 
22, lin.14, The Rs of right angled triangles. 


The Contents, 
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3.lin.1. The caſes of oblique triangles. ; 3 5 1 
42.lin,8, Direttions ro kyow , when the perpendicular muſt fall | 
, © within thetriangle, and when without, 
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F 
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Cuare. IV. 
Pag, TY 
| Fallin, 2.:T he eoiplandtron of the fundamental Scheme. 
55.lin.2, Erect Planes repreſented by ſtraight lines , the reſt by 
| atonrcles, .* BA 
60lin.8, inclining Planes, the ſame with the reclining; V 
| 19, Seath Planes properly interſetted by the. houre circles 
. arawne from the South Pole and North Planes, from the 
I North Pole, "ona ; 
ws 28. The making of the fundamentall ſcheme, 
. 61.lin, 6. The reaſon and demonſtration , for ſemitangents 12 this 
OP Projetto 
Jeftion. 
1$©2.lin.19. How to find the ſemidiameters of the circles, drawne in 
hel >the ſcheme, 
64.lin. 9, How to draw the houre carcles, with the demonſtration 


for them, 
| Faults 


The Contents: 


4 Faules eſcaped in this Chapter. | | 
Fa + "Jin. 36 befor bycand withfor which. i < 
- 60 lin, 2 Poles for Pole. 
| 62 lin. 16 god. 46. for 704.46", | 
=." 64 lin, 6 Cordinall, for Cardinall. _ 
» 65. lin. #2, Singafor UNEs. We tte af Tos 374 
.C nap; Ve | Y $22 


Pag, 
65 lio. 26 Anabſtrait oft the art of Dialing: 
> lin; 29. Why the houres upon every plane are preigt linek 8 
66: ray 6 But thret ſorts of planes. 
lin « 21 3 herical gd & angler, weceſſary tobe kn 
the projeing of the bonre lines \uptn all the ſo 
of Manes, | 
67 lin. 16 ;f-26 6 requifitein the horkzontal, the firſt fe r © 
| planes, 

lin, 22 What requifitesn the E, and w, the N.and $. ay | 

* Fee decliners, the ſecond ſort of planes. ... 
68 lin, 25 What # requiſitein N.and SE and W, recliners, 4 li 
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YI J declining recliners, the third ſort of planes. 
. - 22 lin. 32 Why the Authour denominateth all planes fromitye Fn 
_ ſte of. the Axtu. 
73 . lin, 23 The names, and pannver of » Daals, of the ſeve ly 
Planes, Þ i 


| Faults eſcapedin.chis Chapter. 


2” G65 lin, 26 Rego for ſreight, 
6&9 lin, 23 2ofor ZO, _ 
E 723--lin. >7'Subſtice for ſubſtile, - 
wa ©: lin. I 2 vertix for vertex, * 


ln 
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lin; 13 verticals for verticall, 
" 30 & 33 thanfor then, 
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|  Cuar, VI. 
Pap, 


'$ 74 lin. 14 How to draw the houre lines npon the horizontal 


= lin, . Fre demonſtration for calculating the houre lines, 
475 lin. tz The Arithmeticall calculation of the bore lines di. 
'Y - vers wayes, THEY. 
lin, $ How to find every two honres together god, diſtant 
» the e/Equator, 
lin. 1 Thetable readie calculated for the houre arches upon 
| the plane. | 
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lin. 1 The geometrical projeftion of the horizontal, 
lin, 18 To make the file of this Dial of what thickneſſe you 
wall. © 


I 
"nh 


"lin; 18 To calcularerhe balfe houres and quarters in every. 


Diall. | 
lin, 23 = find a Meridian line any time of the day the Sun 
| —— | 
lin. - 6 Two wayes to find an Azimuth or Angle by three 
ſides given, | Ay 
16 Objettion anſwered againſt the allowance of the Ste 


lin, 
6 midiameter of the Sunin Dials, 

$ lin. g Ademonſtration to reforme that curioſttie, 
lin. - 1 ef table of the howre diſtances reformed, 


_ Faults eſcaped in this Chapter. 
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3 (the)left our; 
« 12 (The Arithmeticall calculation) ſhould haye been 
i great letters ſer apart, - | 
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76 
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76 lin. 8 isforare, and diftancefor diſtant. 

77 lin. 33 1893 for 9893. | 

78 lin. 28 (andtheface) is{uperfluoustobe ſtroke out. 

So lin- 11 fitted for firteſt, 

83 lin. 7 SPfor,ZP, 

84 lin. 13 differencefor differences, 

85 lin, 16 VC TIER for Semidiameter, Againe, lin, 
| G35; | | 

lin. 26 15d.for 51d. 38 

lin. 29 putforputs, 


' Cray. VII. 


. 87 lin, 10 Howto draw the houre lines upon 4 dire? $ 
Plane, 
$88 lin, 1 Thedemonſtration for calculating the houre 
- $9 lin. 15 Thee Avithmeticall calculation of them. 
9o lin, 1 The table for the houre diſtunces ready ca 
lin, 27 The Geometrical projettion of the Dial, 


Faults efcaped inthis Chapter. PF * 


$9 lin. 14 (firſt) lefrout, \T 
gt: lin. 3 SforE. I 
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Cnay., VIII. 


Pag. 8 I; 
92 lin. 7 How tomake a Dial, upon 4 dire North Pl 

: lin. 26 A demonſtration to proove the South and 

by - | ' Planes both one, | _—_ 
F- 93 lin, 20: A generalirme, how to place the Stile in alt 
E ". Dats..-” | »* © 
94 lin. 29 The Geometricall projection of this Diall, " ok 
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92 lin. 26 Planefor plaine, 

94 lin. 12 the fiflt 39 d. 54'. ſuperfluous to beſtroke out, 
lin, 16 returning for returneth. 
lin. 17 onfor off, 
lin, 32 burtfor out. 
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Cnuay. IX. 


6 lin, 2 Howto draw thehoxnre lines , upon adireft Eaſt or 
\- © Weſt Plane, | 

lin, 11 Thereaſon, why the howre lints of theſe Dials are 

_ paralels.. 

lin. 20 The demonſtration out of the Schense. 

lin. 4 The Afithmeticall operation, | 
16. Thetableof the houre diſtan ces #pon the Plane, ' 

J1 The Geometricall projettion of the Diall. 

wS lin; 9 How to proportion the length of the ſtile to the 


plane, | 
lini 23 Howto proportzon. the ſtile to the Plane without 
reſolving atriangle. | 


do lin. 11 Aneafier way to perform the ſame by Logarithmes, 
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lis. 2 The third ſort of Plates cut the Ai obliquely. 


25 How to find the place of the &/£quator , and TY0- 
- upon the Meridian, N 


aa 2. | 275 


lin, 27 Tofind the ſame placerin Sakes and parts, 


lin. 


lin; 


lin. 


lin, 


lin, 


lin. 
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3 How to calculate all the paralels at once, 
each houre line, or each paire of paralels, upox; 
the houre lines together, | 

1 Direttions to ufe.the former numbers , not cle 
diſtingniſhed int the printing. 

16 How to draw the paralels upon a South Dial, 

27 How to draw them upon South and Northi - 

cliners, 


11 Nouſerf theparalels paſt the Horizontal lim 


24 The eaſieſt way of inſcribing the paralels,inwlh Pu 
ſorts of Planes, # 29 
24 The uſe of drawing a Horizontal Dial, 29. 
| thoſe ſeveral planer, 
Faults eſcaped i in this Coe. 
20 orfor of. 295 
10 & 23 wideſttwice for width, 
25 Signes for Sines. "Rs 
27 (of GCH, BCH, KCH, andLCH, t 
/ eHG; HB, HIC, and HL, the diſh 
of thoſe paralels from the Center) all left of *: 
printing. F-* 
28 Logar, ſuperfiuous, and muſt be ſtroke out, 
2 wideſt for width. _.. 
18 co9g8. 61 for 0098.5 1+ 97 


1 Weſtfor and. 
19 wideſt for width. 


lin. 15 Charatteriſticator charafteriſtical, 


lin. 39 wideſt for width. 


lin. 


lin. 1x Coſexelett out, 


8 wideſt for width. < 
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291 lin, 2 How to deſcribe the diurnall arches upon any 
| Plane, 

28 How to calculate a table for Semidiurnall arches, 

and for the place of the Sunne anſwerable to them, 
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Cnayr, XXIX. 


/ 


wh Pag 
4 293 lin. 11 How to drawthe Tewiſh boures upon any Plane, 

$ 294 lin. -10 Firſt, by the Semidinruall arches of 93, and cC. 
29 But beſt by the ninth and fifteenth Paralels. 


Faults eſcaped in this Chapter. 
295 lin. 12 22d, for 225 4. 
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4 FF Sd $ 4 © 
: Un, 12 How to deſcribe the eAzimuthes, and Almican- 


ters upon any Plane. 
I4 Three various inſcriptions of them. 
I9 The Polar Plane, and Horizontall compared. 
97 lin, 4 ef example of drawing eAzimuths and Al- 
micanters, upon the Horizontall. 
15 To find the Semidiameters of the Almicanters, 
. bya ſcale of Inches. 
22 Ancaſie way by tangents, 


aa 3 CHnuarP. 
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298 lin. 3 Perpendicular Planes, compared to Equinolly 

Planes, ; | 
299 lin. 8 Howto 5»ſcribe the Azimuths , by helpe w 
| to find the Almicanters upon Sonth and No 


09 


Planes, . II 
301 lin, 6 How tofind the Azimuths and Almicanter: up 2 
Eaſt and Weſt Planes. 
302 lin; 1 Howtodraw the Azamwuths and Almicanters 
South and North decliners. | 
IP "3 
Faults eſcapedin this Ghapter, ' Þ4 
7 
300 lin. 4 Azimuth for Azimuths, 9 
10 Wideſt for width, | | 
24 60p. (p) omitted. | I3 
301 lin. 15 wideſt for width. WOE | 
302 lin, 25 Wideſts for widths. Jy 
\Cnare. XXXII. | 2 | 
Pag. | | 
302 lin. 3 What Planes cut the Axit of the Horizon 


quely. 
9 Two Zeniths belonging to theſe Planes, 
18 To find theſe vertical points, in Equinoial, li 
" Polar Planes, a F* 
306 lin, 7 How to-calculate each paire of Almicanters, 
A; diſtant from the Horizontal line ; or 'all of 
zogether , upon each ſceyerall Azimnth,. 
307 lin. 18 Derefons to performe the ſame , the numl 
| being cleerly ſet downe in the Printing, 
\ 29 Whenthe line ts to long to reach from the wif 
point, how to ſet it backe againe from thei 
tall line, "x" _ 


I5 li 


*The Contents: 


»$ lin. 11 How tofind the vertical and horizontall points, tx 
a South and North reclining Planes, 
22» How to find the ſame'in Eaſt and Weſt reclining, 
| or South and North declining reclining Planes, 
Yog lin. 24 The $ubſtile for the paralels of the Signes, and the 
| Azimuth perpendicular to the plane Fo the Almi- 
| canters, doe much facilitate the worke, | 
Sri lin. 12 How to find the eAlmicanters by triangles. 
2 lin. 8 Direftions to uſe theſe numbers, becauſe they are 
| not cleerly ſet downe inthe Printing, | 


Faults eſcapedin this Chapter, 


lin. 30 (and) isleft our. 
lin. 28 FGaisleft out. 
lin, 22 wideſt for width. 
lin, 15 wideſt for width. 
| 36 (the) is left our, 
lin, 11 The charaReriske of 1 for o, 
14 wideſt for width. 
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lin. 2 Howto deſcribe the vircles of poſition , upon any 
Plane, 4 
12 The wſe of the circles of poſition. 
27 7 what Planes they are paralels ; with the reaſox 
thereof, . | 
lin. 16 How p- inſtribe them ou the horizongall. 
24 How tg inſcribe them, on the Eaft and Weſt Dials. 
32 How to inſcribe them, on the Eaſt and Weſt recli- 
ming Planes, | ey 
lin, 14 Agenerall rule toinſcribe them , on the reſt of the 
Planes, 
24 How to juſcribe them, when the Diall wants 4cene 
Fer, 
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219 lin. 6 Howto make a table by helpe whereef, to pu 
| concluſions of the Sphere, upon a Dial, 
230 lin; . 2 How tecalcutate, with great eaſe and ſpeed, 
heighth of the Sun , for every howre of the dy 
every part of the Z _ 
333 lin. 1 How to prove the truth of thus calculation, 
the Sphere, 


Faults eſcapedin this Chapter. 
313 lin. 24 Polefor Poles, and omitted for united, 


Pa 
Zi 
3 


. by F Ig 
14 lin. 24 28d. 39/, for 38d. 28". 
/ 32 SRI1forSR the lſuperfiuons, oy 
317 lin. x1 389.28 for 38d, 20/, 
318 'lin. 7 figne+ morefor the ſigne— lefle, 93 


380 lin: 13 Logarithmeticall far Logarithmſcall, - 
384. lin. - 16 (the)omitred. 

| 32 Logarithmeticall for Logarithmicall. 
385 lin, 15.29 Logarithmeticallfor Logarithmicall twi 


95 
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2386 lin; 4 How to draw a Diall upon the Seelinj.. 

roome, | 

14 The demonſtration, and ground of this co 

2387 ln. 10 The projettion of the D1all, with the chad 

a fit place for the glaſſe. | 

389 lin. 4 #y two Zquinattiall lines, to draw the 
_*_  .. Without regard to the center, 


31 How to draw the paralels of the Szones M L 
Faultseſcaped in this Chapter, k 
336 lim.  Sconberginsfor Sooubergerne. : 
387 In, 3 CDBfoarGDB, oh $ i 
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6*(the) for thats : 
6 (divided asafore, and ſet from B repreſenting, 
the foot of the dicular ſtile) all ſuperflu- 
ous, and tobe ſtroke out. 
and inſtead thereof: (hall give points , which 
being drawneiinto one circular line as RS) is 
isallleft our. 


Canar. XXXV. 


2g. 
pA lin, 19 Divers propoſitions neceſſary for dialling. 
22 How to find at what time , the Sunpaſſeth of a di- 
vett Ne 1romg to the South. 
lin, How to find at what time , the Sun ſhall part from 
he” one fide f a por kl Plane to the "wt F 
05 lin. 7 The Sunts very ſeldome, npon the South weſt, or 
South Eaſt Azimuth, at 3 or gof clocke, 
18 How to find at what time the Sxn forſaketh an Paſt 
or Weſt reclining Plane, axd ſhineth upon the incls. 
ning oppoſite thereto, |. | 
6 lin. 26 How to find what time the Sun forſaketh a North 
inclining Plane, and ſrineth wpon the South recli- 
- ning oppoſite thereto. | | 
? lin. 9. Howto find what time of the day or Jeere, the Sun 
 Ferſaketh a North reclining Plane, and ſtineth 
; upon the South I thereto, 
in, 15 How to find what time the $n1 forfaketh the North 
inelining fide , of a declining reclining Plane, to; 
ſme upon the South reclimng oppoſite thereto, 
lin. 6 How to find what time the Sunne forſaketh the 
South inclining fide of adeclining-reolining Plane, 
to ſoine upon the North reclining appoſite thereto, 
| lin, 4 How to find in what latitude , any Plane given, 
: would be Horizontal. tos | 
Þ lin. 2 The Longitade and Latitude of any place being 


GVen; 
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Pag. | Ka 
given; haw to make a Plane in 0x Latstude, that 
ſhall be paralell thereto, ik 


Faults eſcaped inthis Chapter. 


392 lin--19 (Caſe) is ſuperfluons, to be ſtroke out. 
395 lin. 28 PDY for PDR. | 
_ 33. and for or, 
393 lin,” 12 pag.138 ſhould be 148, 
399 lin. 11 partforplane. 
403 lin, 21 length forheigth? 
410 lin, 20 paral for paralcll. 


'30-P for Pole, / 
35 by thecaſe ſhould be by the fixt caſe, 
a —_— mmm cn _ — 
Cunay, XXXVI. # | 


Pag. 
i2 lin. 2 Dyverspropeſitions of the Sphere, of ovds 
. performed ', right | —_ ſpherical ml 
onl » y | 
413 lin. 13 How tofind thedeclination of the Sunne , 
Hes degree of the Zodiaque, | 
18 How to find the right aſcention of any degret, 
20 How to find the place of the Sunin the Zo« 
23 How to find the angle , which the Meridia 
heth with the-Ecliprique, | 
26 How to find the greateſt declination of thts 
A14 lin, 11 How to find the difference Aſcentionall. 
19 How to find the amplitude of the Sunne, | 
24 How to find the altitude of the Pole, Þ$ li 
237 How to find the angle, of any Meridian ip 
SLE Horizon. | 
415 lin. 12 Howto find the heighth of the Sun, uponth 


vertical, 
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tis lin, 16 How to find the hore of the Suns comming to the 
| . prome vertical, 
19 How to find the declination other wayes, 
23 How to find the heighth of the Pole other wayes, 
26 How to find the angle, which any Meridian makes 
with the prime vertical, 
6 lin. 8 Howto #64 the heighth of the Sunne upon the ſix 
; of clocke houre, | 
12 How to find the Azamuth of the Sun, 
35 How to reſolve all the doubts, of a decliniug plane, 
by aright angled Triangle. | 
7 lin, 19 How to find the oblique aſtention,or deſcenſion of a- 
ny = up ef the Ecliptique, 
27 How to find what arch of the Zodiaque , never 
. riſeth or ſetteth in any Latitude. | | 
$ lin, 10 The diſtance of any degree of the Ecliptique, from 
the next Equinottiall point, and the right aſcenti- 
On ave libs gives together;to find what each 


ir) of them are ſeveral, 
22 How tofindthe heighth of the Pole, by the Merie 
" dlian, Altitude , and declination of any knowne 
ftarre, that never fetteth, 
30 Theright aſcention, and declination of ayy two 
' knowne ſtarres being given,whereef the one in the 
Horizon, the other in the Meridian, to find the 
heighth of the Pole without inſtrument, 


Faulcs eſcaped in this Chapter, 1 


S lin. -7 (and) ſuperfluous, 
lin, 21 (from) omitted, 
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Place this folio 1. 


k 


The ART of 
SHADOVVES 
Commonly called 


DIALLING. 


Naincly ſhewing out of the Sphere, the true 


ground and reaſon of making all kinde of 
D1aLs that any Plane is capable of, 


— ———— ————— —_— 
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CHAP. I». 


ow to divide divers lines, and make a chord to any proportion 
tred, | 
na Fuſe there is continuall uſe, both of ſcales and 
JS chordes, in drawing the Schemes and Dyals 
26 following, it will beneceflary firſt ro ſhew the 
22 making of them, that ſuch as cannot have the | 
3; benefit of the $kilfull Artificers labour, may by 
I'ZF their owne paines ſupply that defeR. 
Draw therefore the ſtraight lines, E 2, & H 3, of what 
th you will, let EF, & HG, FI, & G | or as many 
\ Frepartsas are needfull, be equall to any Radius - given, as 
«Feare toH O, & LO, of the Dyall in the x x. chapter, (to 
ich they may be particularly applyed ſubdivide EF, & H G, 
d tenneequall parts, and each part againe into halfes, or ra- 
into tenneparts more, it the lines'E F, & H G, will per- 
Þ 0 may you of them (as you doe ofa ſefor ) take agy part of - 
Feightline, or naturall Tangent deſired. And note, that £ 
 FreloeverI ſpeake ot uſing the Seftor, a line thus divided 
F {ervethe turne, ſeeing the line of equall parts thereupon is 
Iyunderſtood in this Treatiſe,andthe opening of the. Seor 
nelengthofany Radius,is alwaies intended to be þetweene 
*P- and 100. of thoſe equall parts. | 
\ | B Bat 


£ 
®1 
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But if you makea paralellogramlikeunto D 4, G 4, ( k 
bredth and length is arbitrary, and may be proportiofied to 
Radius given) and divide the bredth therotf into ten party 
the firſt part (equall to the Radius) by diagonall lines into 
parts, as in the.exampleof A B C D, which is an inch diy 
cach way into ten parts, the work will bee much” more ex | 
in imitation thereof, the figure adjoyning A 10, B 2is fit 3 
the Radius of the fundamentall ſchem, by help whereofth# 
ces or poii:ts of P, B, A, K, and O, proper to the circles p Tl. 
thorow them, as alſo the centers hen , and of the hoy 

cles, $, 7, L, 5,4, 3, &c- which are given in naturall Tangfſ/ 
may aprly be found andinſcribed. : 

The naturall Sines, Tangents, and Secants,are in ev 
hatids, where they are wanting, they may be eaſily ſuppl} 
of the artificiall numbers in the end of the book : for if ye 
the Logarithme of any degree and minute (omitting Ul 
-racterisk) 1n the Chiliades, the abſolute number ani 
_ thereto, 1s the naturall Sinz, Tangent; or Secant of the 
and minute deſired. 3 
d. * Login. Log.Tang,  Log;Sec. ! 
19. 16-— 9250.9803.—9257.9901.— 10007,00908k 
Nat.S1.17823.nat. Tan.r18113 nat.Sec.191627, | 


ra 
I 
2 


| 


Oaly rememder to take the Logar. of the complement 
degreeand minute 'defired for the Sccant, becauſe th 
rithmes of the Secants in this table, are turned into the 
complem. of the Sines, and the charaRerisk left out, 1 
my privity, which would have ſerved this purpoſe mud 
wirhour any converſion. ; I 

To make therfore theline of chords Ptepare a table, th 
_ down firſt the degrees & parts,if you wilt, from 1 d.prot 
to 90d unro.cach degree joyn the chordproper to it, 1 
tbe naturall Sine of baife thearch doubled, by the tenth# 
of Fink:1s, for if you double the naturall Sines of 5 .10.M 
&c. you thall producethechords of 1 0.20. 30,40 d.Sofl 
the Sine of 10d, doubled, commeth 34930 the cho 
and of 25 $8: the Sine of 15 d. doubled, comineth 51] 
chord of 30d. and ſo of thEreſt : This done,proportiol 
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Chor, | 


IOr5 
I030 
1045 
4 | 1060 
2) 2074 
66 | 1089 
67 | 1104 
68 1118 
69,1132 
70| 1147 
0 | 71 | 1161 
72.1 1176 
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dius of the fundamentall ſcheme Z S to whatlength you 
and let A B 60d, of thelefſer chord be equallthereto,ſup 


to be divided into 100, 1000.0r 10000, parts out of they 
Icllograme A 10, B 2, fitted to that Radius; or having 


or, openit-in theline of equall parts to the wideth of theſſ 
dius, and take of either of them $7. that is ſo many hun 


parts of one tenth for 5 d. & 174that 1s one tenth & 74, 
dred parts for 10d, & 261, that is 2 renths & 61 hu 
partsfor 15 d. andſo of the reſt : all which you mult tran 
into theline A B from A upwards unto god. Having by 
meanes firſt prickt downe every 5 & 10 degree, reti 

gaine to the Table, and by the ſame meanes pricke downe( 
intermediate degreealfo: notwithſtanding if yan like not 

ſocurious, you may ſafely ſubdivide every five degrees 


degree increaſing in fo ſmall a forme 1s inſenſible. Fro 


HL 


ſmaller chorde into equall paxts, ſeeing the difterence off 


ground there followeth an caſie way of making one par? 
line of chordes, if you like to be confined to the ſcantling/4 
Setor hath for the moſt parta line of Sines thereupon, la 
of the chorde,be equall to 30 d.of the Sines,taken from thi -* 


ter, In like proportion 5, 10. 15.20, 25.40. & 45d 
Sines, will be equall to 10. 20. 30.40. 50, 60. 70, $0.8} 
of tbe chorde, without opening the Sector ar all : wherd 
you take the ſeverall degrees and parts of the line of Sint 


_ transferre them into the line of chords, and write the* 


- number of the Sine upon the chord, you have done w 


bee e£quall to 30d. of the Sines taken from the center, yt 
thereupon ( by taking ; the arch of the line of Sines ft 
center) ſet any degree of the quadrant as of a chord} 


for the purpole, becauſe the Sine of 30 is to the RadiusoÞ 


of 60d.as rheSine of eyery halfe arch is'to the chord oftit 


By this rule you may likewiſe ſupply the want of an o 


- with the help of the ſcale of inches only:ſoin the fourth 
of the ſixt Chapter, becauſe the ſemidiameter NC, or{ 
the circular Plane NI CS agreeth with neither. 
finde the length thereof by the ſcale of inches, to be 19 

I inch and 57 hundred parts, wherfore as the Sine of 3 


the. 
dear! 
es. 
ved 
 defired : inlike manner, if you make a circle whoſe Radu : Y 
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1 whe ſemidiameter NC 137 fois the Sine of 36d; 58', halfethe: 

K&ch SK, to the chord of S K 15s, thatis 1 inch and 65 han- 

ered parts, next hand, and ſe of thereſt, 

ng The inſtruments being thus prepared for the Mechanical 

Bart, it followeth next that we lay the foundationfor the Arith- 
heticall work, which conſiſteth of Triangles both right lined 
id ſphericall : firſt therefore ofright lined Triangles. 


Cuavy, IL,- 


Bthe ſeveral Caſes and varieties of right lined T; riangles, wth 
diverſe cautions to be obſerved in the prattice of them, 


\ 


@ are meaſured by the degrees and parts ofa great 
ww Ye circle, therefore_the Canon alone is*{ufficient 
B24 [a2 for them : but the ſides ofright lined Triangles / 
=) Cz arc meaſured -by the: equall parts of ſome 
1 #4 © known ſcale, and therefore the Chiliades in the 
; tionof them muſt be joyned with the Canon ; notwith- 
- gÞnding ifyou ſeek the natnrall Sines and Tangents anſwerable 
er} be angles givenamong[t theabſolute numbers, and take the 
c:nÞgarithmes of them, you may reſolve the queſtion by the Clil- 
thel ond alone, in the uſe whereof theſe cautions may bee ob- 
ved, ae 
1 Whereas the Logarithmes in the Chilliades are extended 
1.1 places, and inthe Canon butts $, in the uſe of both to-. 
? «Feiier you may not exceed the like number of places in each, 
38 More or fewer at yourpleaſure, 
i} > The Logarithmes of all numbers greater than an unity,are 
of th ndant, marked thus + ; of all lefle than an unity, are defe- 
8c, marked thus —, and are thereforefaid to bee leſle than no- 
<h_S> becauſe the Logarithme ofthe unity is made nothing. 
3 Itthe Logarithmes of the three proportionals given, bee 
abundants, the firſt ſubtracted out of the ſumme of the ſe- 
dandthethird, gives the fourth : if the firſt of the three be 
eve, the ſumme of all the three is the fourth : if cither of 


B 3 the 


\ . ! o 
> 227 07; 7 E angles and (idesof all ſphericall Triangles 


f 


5 The Artof SHADOWWES. 


the'middle termes be defeQtive, the ſumme of the firſt and &vh 
defective ſubtracted out of the third, gives the fourth ; jÞ01 
three bee abundant, and yet produce a defective in the tyÞnc 
place, the arirhmeticall complement of the charaRterisk pris 
to that fourth, ſhall give the true fraction deſired, obſerving9 
ſame rules in defecives that are required in abundants, ., 

4 It the three proportionals given bee all abſoJute nun{Þ*4 
abundant, and the Radius none of them, you may avoydiF*! 
traction, by changing the Logarithme of the firſt proportige®* 
into its arithmeticall complement;as for 25 007.85 5 9,the I £, 
ricthme of 322,take 7492.1441,and adde all rogether:buti k 
Logarithme of the Radius be one of the middle termes, ws ? 
Aion will be as caſte as addition, Pak 

5 If youlike not to work with numbers of divers n db 
together, you may make all abundants, by ſuppoſing thehſP*? 
ons to bee whole numbers, and changing the charaQeridf®®? 


cordingly ; ſo have you inthe fourth caſe of obliques, theF®* 
A B- 92 Jon eres thej9 B- 0922 parts ofan inch d& 


AC-2033>whereas theyQ A C- 25:3 7 2 inches and pardf\ } 
B C-2546Jare indeed BC-276C bundant. - 
6 Many queſtions proper to the Chilliads are reſolved ly c 
out regard to the charaQerisk, ſo that wee may finde the P") 
lute number an{werable to the Logarithme of the fourtj|*< 
portionall, by changing the charaRterisk at-pleaſure, inſ"<<* 
Chilliads, every one neerer the truth than other ; for if yo Th 
the Logarithme of the fide AC in the Triangle ACB@y *** 
third Caſe following--4445 .3862, In the firſt Chilialſ” 35< 
the cnaracterisk of 1, the neereſt to it is 1431.3637, 
giveth 27 tenth parts. In the ſame Chilliad with the. 
risk of 2, is 2444.0448, which giveth 278 hundred pa 
the third Chilliad with the charaerisk of 3, is 3445 + - 
which giveth 2788 thouſand parts, In the 28 Chilliad wi - Sd; 
clarateiisk of 4, 1s 4445 .3862, the number it ſelfe, wi £ 
yeth 2758+ ten thouſand parts, {3 Fs 
7 incitinguiſhing whole numbersfrom fraQtians, bk 
line, by which is ſignified whatſoever ſtandeth before 
ce integers, in (one calcs equali to the Ractus, W 


d 
& 
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hich is ſeparated by theline, to bee a part or fration thereof, 
> is 0349 in thefourth Chapter a fraQion ſignifying 349 thou- 
ind parts ofthe Radins Z E,but in the number 2856 the figure 2 


*Fonifieth a line double to'the Radius Z E, and ?66 fo many 


*"Whouſand parts more of a Radius, and ſoin thereſt. 


8 Note that though the proportionals be {et down in the na- 
rall way of Sines and Tangents and their complements, yet 


Se numericall operation both for facility and brevity, is always 


ormed by the artificiall numbers of Logarithms, 
9 Laſtly, the three firlt Caſes following afford you the ſides, 
xe fourth and fift Caſes the baſe, and the (xt and ſeventh Caſes 


Fic angles of any right lined rightangled Triangle, as by this 


ark o upon every var:ety ( which is the ſigne of the quaſitum ) 
ad by this— the daſh ofa pen (which is theſigne of the 42#m 


"Þth appcare : but in oblique Triangles the ſides and anglcs are 


omiſcuouſly found, and the caſes but few, to which I reterre 


S by 


Cater, SIDES. 
By the baſe and angles, to finde either ſide, 


art Triangle conſiſteth of ſix parts, rhree ſides, and three an- 


gles, whereof any three being given, the reſt may be found, 
aly excepting the three angles of a plane Triangle, by which 


+Þ< proportion may bee given, but no ſide can bee found, be- 


le the three angles of one Triangle may bee equall to the 
ceangles of another triangle, although their ſiles beealtoge- 


Wer unequall, - 


The Radius, Sine, and complement of any arch : or Radius, 


1:42gent, and Secant of any arch do make arightlinedright an- 


eq Triangle. Wherefore lettheplane Triangle ABC, right 
gled atC, repreſent the Triangle PI. 4 of the fundamenrall 
em, Chap.4.rightangled at L,viz.,AB the Radius 2 4,C B 
dine of the oppoſite angle or leſſer ſide;L 4 and A C theiSine 
the complement or greater (ide PL; or againelet A Crepre- 
t the Radius P L, asin theſecond caſe, B C the Tangentof 


F< 2Ppolite angle or leſſer fide L'4, and AB the Secant thereof 


10 let the baſe A B bee given 322, that is three inches and 22 
-Þ"9red parts, and the angleat A 30d, therefore the comple- 


| -Ut nt thereof at B 60 d. by the firſt of the ſecond of Regiomont. 


Þ 4 To 


"OR ES. 


EE 


| AB dem 


_ 
4 


,. 


; 

: 

+” : 
as 


4 
4 ain, 2 


As the Sine of ACB 
Is to the baſe AB in parts 


ade 
So is the Sine of 
| ABC 


4 oS 
 Totheſidle <or 
HEN CA 
| Againe; 


. As the Sine of A C5 
| Is tothe baſeA B 
ABC 


Sois the coſine <7 or 
BAC 

CB : 
To the ſide 3 or 
. oe 


. god. o 
3220 


| Zod., & 


604d, & 
1610 


2788 


| 90d, ©' 


220 


609. © 


zod. © 


2610 


, ©7388 


"* thenare C 


angles A at 


SDaUDSL> 


KD.4J 


4 aca5as 


— 


to find the 
CAor CB 
hke puny 
baſe:ifyou 


ACtheh 
of their op 


as in the 
firſt varietig 
the CC Js 
them, as in 
two ſecond 
ricties, wha 
I 0000.00 
" 0507.85}. 
9698.97 


9937-53F* 
0206.83) þ 


X0445.38 


M 
9937. 53 
X0206, 82 


£9445: Ms 
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; ' Cale's, 
By the angles agd either fade, to finde the other ſide ; 


Game Triangle A B C let the greater fide AC and 
ts angle at Abe gien;to finde the leſſer ſide B C 3 OC 
| - contrary, to finde 

B the greater ſide 
A C. If you make 
AC in the firſt, 
| andBCintheſe» 
A & cond the Radius, 
then are C B and 

| B C Athe Tangents 

of their oppoſite 


AY angles A and B,. as 
ff” © in the two firſt 


p A FEY , varieties,& the co- 
WA " tangents of them, 
7 $ochetwolater varieties; wherefore, 


2: CB the tangent of CAB 3od. o m. NO 
OY 761.44 
Cotangent of CB,A.,60.4, o'm, KOEN 


|. : 
PB theſideACin parts 2788 - 0445.38 
d the fide C B in parts 1610 X0206, 82 
'00 _ Fog: | 
x7 the Radius B C C—— _— I 0000, 08 
1 Tangent of CBA 60d,0m,2 
Fo C Athe or I0238,56 
*71 | Cotangentof CAB 3od.o m. 
$2 © thefideB C inparts x606 0306.53 3 
"Put fide A Cinparts | 2788 0445.38" | 


; 4 | This Caſe may bee alſo reſolved by Sines alone, becauſe the 
Ci 6 and Sines of the angles are proportionall,and the one acute 


angle 


- a - = '. 
_ . " a> d A f > k 
: > . 4 
» 4 wa 4.4 >. 5" —_ 
ih df were} 


fy, 13.4 
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angle isalwayes complement to the other, by the 1 of thes 


Regiomontanm, wi 
As theSineof AB C 609, o' ; 

is to the oppoſite fide A C 278 (asin thethird ya- "| 1 
So is the Sineof AB C304, © ricty. 

to the oppoſite fide B C x 610 


Caſe 3. 
By the baſe and either fide, to finde the other ſac. 


Jx the fame Triangle AB C, let the baſe AB and the gr 
fide A Che given, to finde the lefler {ide B C in the ſame 
as in the firſt variety : or let thei 
and leffer ſide B C be given, tol 
the greater ſide A C, as in the feſ- 
variety, The ordinary way to 
the ſide from theſe dara was we 
bee by the ſquare root, for thei 
of A C taken out of the ſqu 


oy Es AB, leaveth the ſquare of ace 
3 Whoſe ſquare rootistheſide BUg 1 
ST: fired ; butthe eaſier way by Sina} 1 
x  thenumbers bee great) is thu 1 
| « formed at two works, for n Y 
A - 7 AB the Radius, A C is the $i 
| the angle B, as in the firſt, and 
the Sine of theangle A, as intl 
cond variety : wherefore 
As the baſe AB in parts 3220 = | 
ES 2788 0445! 
Is tothe fide or >in parts. kg ' Fa 
: BC 1610 ©206, " 
So1s the fine of ACB 90.4. 0 I ©00C 
To the fine of A BC od. o' i 
Orto the fine of B A C 20d, o' ow - 


Secondly having the one anele; the other is compl 
thereof inhoth : wherctore : 
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Azsthe Sineof ACB god. inboth F0000,08 
BA Cinthe firſt 30d, o' "9658.95 
jrteineof and | 
\ ABCin thefecond 60d. 9 9937.97 
Soisthefide A B in both | $209 ©5 07.85 


B Cin the firſt 16:19  X0206,83 
Tothe fide) and 
ACin theſecond 2788 JX0445.38 


Yon may alſo performe the ſame more cafily by the Chilliade 
one, 23 in the ninteenth Chapter of Mr. rigs his Arithmer, 
cearithm. continuing A B and B A one place farther, becauſe 
"K Cis 27555 parts. Log. 
Theſamme of A Band BCis 62986 4 0778,799 
" Thedifecrence of them is . 4314 — 0365.12 


 Thefum of their Logarithms is 041 3.65 

(of Whoſe: is the fide B Crequired x51 0206.82 

-# Note the Logarithme of the Tiorence being os 4g ſab- 
-  Thelammeof ABand BCis 48:0 + R, — FM 

I Thedifference of them is 1610 + 0206,8z 

The ſam of their Logarithms is 0890.77 

Whole ;is of the fideACdefired 2788 0445.38 


Caſea4, BASE, 
By both the ſides, to finde the baſe. 


N the fame Triangle ABC, let the 
ſides A Cand CP bee given, to finde -- 

the baſe A B in the likeparts, The ord1- 

| nary way to finde the baſe from the 

_ C data was wont to be by theſquare root, 

A for adding the ſquares of the two ſides 

| Þ A C and BC together, you have the 

4 | fquare of the baſe A B, whoſe ſquare 

7 2 + rootisthebaſe defired'; but the eafter 

£ (x, Way by Tangents (if themumbers bee 

| CC great) is thus at rwo works, as aforezfor 


making A C the Radius,B C is the Tan- 
gent 


12' The Artof SHaDovves. 
Sis Cath C, asinthefirſt variety, and making 


Radius CAistheTangentof the angle A B C, as in thy 
cond variety, wherefore, 


AsthefideA Cinpars 2788 
AGEROb pes - x610 
Sois the line A Cas Radius 
.T theline CBasT ent © 
K CAB © 7 30d. 
he other yariety for A C, 
Secondly, 


$0is ACBheSineof - 
To thebale AB 


By the angie, and either a finde the baſe: L to tl 


[F one )1s th 
Abe give ) the 
other is 
en, tf 

ore ins 
ſame Tri 
ABCk _. 
lefler an. 
A, and = 
ſer ſide ater | 
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©.» contrary,to finde the baſe A Bin the ſame aria u make 

K She Retus,then are the ſides B CandA Cthe Liner of their 

, ppoſiteangles A and B, as in the two firſt varieties, and the 
q KC oſines of them,as in the two ſecond varieties, wherefore 
uy FED Log. ' 
30d, 0 9698.97 


60d. &' A 9937.83 
x 610 » 0©206.82 


2788 © - 0445.38 
$ois the Sine of A C B god. &' I 00009,00 


——_— —— 


p10 thebaſe AB .3220 0507.85 
p; Andagaine, IT 7 

| 2373ol 5: 
_ CBAC 9937-53 
- the coſine of . by. - 


% 


-** 0445-38 
| WP | - :263206,32 
ei the fineof A CB | : > I 0900.00 


velio the baſe® = CAB- 2 ).... =  _ 


Sto the (ide 


1 Caſe6. ANGLES. 
By the baſe and either fide, to finde an angle, 


og the fame triangle AB C,let the baſe A B and the' lefſer fide 
= Cbegiven,to finde the leſſer angle at A ; or letthebaſeand 
ater fide A C bee given,to finde the greaterangle at B ; and 
Qntrary.If you make the baſe AB the'Radius,. then are'the - 
relies B Cand A C the fines of the oppoſite angles A and B, asin + 
tC IE O70 firſt varieties, and the coſtnes of them, as ia the two 
Fond varieties, Wherefore . noo ($7103 I 


is  Tiea#ofSnivowes: * 


A 
"4 : os % oh, 
a bY | : - anvel A 
EvLRE F fn. 
- Isrothe Sine of ACB god. of L0000 O 1s 
; BC 1510 O2C i J 
 . . So.isthe fide or 3y 
AC. aw ogg 
" .B wY 30d. & " 9698 'q 
To "the fineof the angle. 
Againe, 


Is to the Sinc'of ACB 


£5 
Mee file ; 
| 4g 604d, ©0' 
. To theeofin ofthe angle 
| BAC 30d, © / 96969 


” -_ m— 
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Caſe 7, 
/ Zyboth the ſides, to finde either angle . 


J 


: ba IN the ſame Triangle ABC, Ietthe 
%% fides A Cand B C bee given, to finds 

:| - citherangleat AorB, It yon make A C 
A: $$ Sc thegreaterfidethe Radius, B C the lef- 
A. 55 7 + ſerfideisthe Tangent of theleffer angle 
 .: 21 24P BAC, andifB C theleſſer fide be Ra- 

” dius, AC the greater fide is the Tan- 
entof A B C the greater angle: whers- 


Z=z3C fore 
[RS <4. 17: lag? 
As theſide A C.in parts; .. 2788 0445.38 
4 Is tothe fide B C in parts - + 1610 .. 0206.82 
Þ 50 isthe fide A C Radius  T0000,00 
J "ofthe angleBA C G 'C zod. © 9761.44 
JF A3thefide B Cin parts | x6to ©  - 1 0206.82 
IF 1s to the fide A in parts 2788 0445-38 
\$Soinghe fide B © Radius 0000.00 
: &-——F7.20866 60d. O' 10238.56 | 


\ 
' - Cifer, OBLIQVE TRIANGLES: 


ve angles and the fide comprehended, to finde the third axgle, 
0644 the other two ſides, | 


| oblique 35 » me thereare only foure caſes, but many va- 
.$08*65, notwithſtanding becauſe they come ſcldome intouſle 
| FER #5 1 


16 The Art of SHaDovvyes: 
inthis Treatiſe, and they are already learnedly demonſtrated | 
My, Henry Gellibrand in T rigonometria Britannica, I willy 
 giveexample of the Caſes, and leavethe yarietiesto every: 
private praRice;z Therein is to be noted, that whenſoever 
deale with an obtuſe angle, you muſt take the Logarithnf Þ 
the complement thereof to g'ſemicircle ; as for 113 d, z1 
RISES She |... Logarithmeof 66 d.29',ber 
_ . ' the fin&and logarithmebg 
"*C' - the acute and obtuſe an 
;..'. theſame ; Letthe obliquet 
a 0t#; 5 11 ABCs eſent the trigh 
'Þ CRIETIENCR TE. eat 34 B G'in ſecond di ur 
 axisof the ſtile OB, AB theleſſer fide O G; and B C theghs...; 
ter fideB G, and letthe anglesat Ax 139. 31';and at C1, 4. 
25',and the'fide A C 2033 be given,to finde the angle atBF...1.. 
. the fidesABandB C, Theangleat Bis 47d,4', found 
out calculatidn,becauſe the three angles of every right linea” 
angleare cquall to tworight angles,by the 32 p: x-b, of &aj 
whi being known, the ſides -are-found by the-x | «2; : 
Regiomontanxs, becaule the ſides and fines of the oppolitenſ . F 
are proportisnallone to the other ; et) —_— 
| | Fark | 
As the fine of theangle A'B C 474d.4 o135 pry 8.arithaf - ;; 
Is to the ſine ofthe ftde AC 2033 3308.1374 Na 
$o isthefiievfthe BAC. 113d.31'. 9962.342 8,010 
QT OSCEBTNTY 


To the fide : 


' 


[ 
. 
i 


; ſ 
199.25' 9521,7073: B- 


> 


25 46- . #3495 $820! 1 


927 22965 ,2465; 4 
® 43.2 CF Caſe 2. | FEY 3% 

By any tw6 fides ayd an angle oppoſite to one of them, to þ 

« other fide and angles if the ſpecres-of the angle ſought be... 

- becanſe the ſame fone a#fwereth both to the acute and * X 
_  IntheGme'triang/e ABC, let the fide AB 923, * 


> 
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ſide A C 2033, with the angle - 
ABC47d. 4 oppoſite thereto 
begiven,to findetheangle A CB, 
by which the angle B AC, is gi« 
ven, and theſideBC : whefore | 


Log. 


he fdeAC 2032 6691.8625 


þ 


x . 


\ 
C 
y 
] 


>theſine of the angle A BC 47d. x 9864.5982 
Fiz the fide AB 923 2965.2465 
he fine of the angle ACB 19d. 25' F#9521.7073. 


Shercfore BAC 113d. 31'thecompl, of Band C to t 25 d; 


a 


Sn is the fide B C found by the later axiome' of the former 
© _ NE 

WheſineofFABC 47d. / 0135.4018 Ar.compl. 

P thefideAC '9Þ 2033) 3308.1374 

the fineofkBAC 113d, 31' 9962.3428 


"" 


be 


G 
\ l 
+1 © 
o 
v 


be ide BO 2546 X 3405 8820 


Caſe - 


9 #þdei and the angie: comprehended, to finde the third fide; 


other two angles, 


_ N the ſame triangle A B Clet the 
T7 fide A C 2033, and the fide A B 
pr 923, and the angle comprehended 
L _— by themBAC 113d. 31 beegi- 
it ven, to finde the angles B and C, 
and the third fide B C ; whercfore 
4 OOPS TE F | Los, 
F ſumme of theſides A Band A C 2956, 65 29.2956 
Oe difference of then 1110 $3045.3230 
etangent of : the ſiſmme of the | — 
mn angles B & C,which are wee d. 14: $$16.5254 


2 tatfzent of 7 ” : 4 4 
then es EG 13149" £9391,1508 
TORS which 
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which added to the ; ſumme, giveth rhe 

' greater angle at B wo hens C47 4 
and ſabtracted from it,the lefſerangleat C 19 d. 25' 
Theangles being found, the ſide isalſo given, by rhe laſt 


firſt Caſe ; wherefore Log. Ke 
Asthe fine of A B C 47d. 4 ©0135-4018. Arg 
© Isrotheſjde A Cinparts 2033 3398.1374 


So is the fineof BAC 113d, 31', 9$962.3428 
Tothe fide B C in parts 2546. 4#3405,8820 


Caſe 4. 
By the three fides,to finde any angle, 
Py | 


$0 


N theſame triangle A B C, let the three ſides AB 923 
2033.and B C 2546 be given, and letany ofthe anglalf- - 
.or C,be required, | fid 
In this Caſe the ordinary way heretofore hath beeq G 
duce the oblique triangle into two right angled rriangff.** 
rayſing or letting fall the "ue! Bt gan A D from a8 
(though moſt commodiouſly from the greateſt ) as heret:9 
whereby the two lefler fides B D and D C of eachtidis; 
ADBand AD C arefound, and conſequently the anglif+ + 
ſubtended by them, the complements whereof are thea 
Band C; but thebetter way is drawnout of the 18> 
Mr. Briggs his eArithmetica Logarith, which I receive 
him many.yecres ſince. SS : v1 


 Fdides: 
pb-P op 
Out of the Serniperimeter of the three ſides, ſubd A 
ſide, fo have youthe differences ; adde the arithmetid wo 
plements of thelogarith. of the ſemiperimeter and diffaſWhr, 
the baſe, unto the logarirhmes of the difference of iſ _ 
| halfethe ſumme of theſe foure logarithmes, is thel 
the tangent of halfe the anglede!ired,” 


$;27 1 
CY 
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e baſe hs 
tes? © 


ze ſumme 
e halfe \umme 


923 
2033 


2546 


3.302 
2751 


_ 1 828 


, _=_ angles, 


A 113d, 30 


B 47d, 4 
C 19d. 25' 


49" 
20” 
Oo 


Log. 
6560.5094 
6738.023 
2856. 1244 


#6 Arich, comp], 


718 


Torall TEaGG Airs 
The halfe T.92 33.2057. 9d. 42' 2 
the double 19d. 25' 
Secondly, 
2033 
E647 37 AT4e 
To 5502 
Shale ſamme 27571 
| $2 r.of the baſe 718 7143-8756 
afthefides? 1922, 3261,9762 
E 205 ' . 2311.7539 
Torall 19278.1151 _ © 
the halfe T,9639.0575. 23d, 32'- 10' 
| | the double 47 di 4 20” 
 ! | Thirdly, 
We 4 
20 
I des? $f 933 
Fnime 5502 o. 
| Warne ' 2751 6560, ed i 04 
ſr.of the baſe | : bs 488.245. CArith,compl. 


" _ <C the lides $ 757 I oh 3261.9763 


iebaſe A C 

: AB 
Log. 

6560.5294 > Arith,compl. 


2856.1 244. 
| a 20366,8561 
thchalfe T. 10193.4289 564, 45' 20” 


_ thedouble'113'd, 30 40 
C 2 Caxy. 
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CHAP. IIL 


The ſeverall Caſes and aaletie; of ſphericall triangles, witlidf a 
vers cautions to be obſerved inthe prattice of them. 1 


- 
| 


Di 


6 


$4, fc 


hen 


YC 


$0 
3 If the Radrms be one of the middle termes, you may” 
ſubtraQion, by taking the Arith. complement of the Log.” 
of the firſt proportional! for the ſine it ſelfe, and the Log 
gentof the complement for the tangent it ſeclfe, and ai? 
three together ; notwithſtanding becanſe it is eaſe to | 
the firſtnumber out of the ſummeofthe.ſecond and third 
Radims be one of them ):as to adde all together, I forbeare 
the help of addition ; but in caſes where the Rds: 180 
the three proportionals given, - & Þ 
4 Allverticall triangles have the ſines of the hyporem 
perpendiculars,by the firſt ; the ſines of the baſe and tan 
_ the petpendiculars,by the 2 axiom ofthe 4 b.of Pirsſcauy 
tionall, and theangles at their mutnall interſe&ions eq 
the 15 p. of 1 b. of Exclid, So may you finde in the firil 
of the ſec: nd cale the angle PL 55 and Y & R. or PYWR... 
& > R equal), and thelikeſides of the ene triangle x Þ BY 
portionall to the like of the other & YR, which will 
the workin manycales, 
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5 It maybehere again noted, that thongh the chiliades bee 
petly applyed to planc triangles, the Canon to ſpherical, ye? 
«cauſe every log, canon is made out of the chiliales, thewan®t 
Fa canon may bee ſupplied by the chiltades, for if you take the 
xearith, of the naturall fines and tangents of the tides and an- 

5 given, 8 it they were abſolute numbers, the fourth propor- 

anall will be alſo an abfolute number, which found in the table 

+ Ffraturall ſines and tangents, reſolyeth rhe queſtion without 
> Selp of the Canon. "hs | 
$ 6 Becau'e Authours d ffer in the termes of a R.S. triangle, 
ime calling the fide ſubtending the right angle, the hyotennſa, 
11 Wher the baſe;and the ſides including the right angle, the per- 
Eadicular and baſe, other the legs, iris indifferent which be u- 
«8d, fo they be not promilcuouſly taken in theſame Caſe, there- 
i the greateſt Jiffculty is, when to ule the fines alone, and 
hea theſines and tangents together : Whenſoever therefore 
pa deale-with the baſe and cither fide including the acute an- 
We, you muſt work by fines ; when with the two ſides inclu- 
ngmhe right angle, by ſines and tangents together, as in the 
mination of the ſides will plainly appeare, ſo have you in the 
ll variety of the firſt caſe: as the fine of » 55,is to the fine of 
&,loisthe fine of Y &, tothe ſine of v R : butinthe firſt va- 

ty ofthe fift caſe; as theſine of V &,is to the tangent of A 

8s fois the fine of YR, to the tangent of R &, and thus of the 


7.10R.S. triangles there are ſixteen caſes an1 thirty varie- 
=,the firſt varierics of the firſt ſix caſes. give the leſſer ſides, 
W< worarietics the greater ſides, the ſeventh, eighth, ninth, 
dtenthcaſesthe baſe, the firſt varieties of the later fix caſes 
ſe the leſſer angles, the ſecond varietics rhe greater, as by the 
es ofthe data and queſira doth appeare ; of each wherof for 
, plaineſſe ſake, a particular example ſhall be given, 
Mnthediagramfollowing, Ps A RY, let Þ repreſent the 
ta Pole, P33 & theſolſtitiall colure, PF R a meridian or 
Acad paſſing through the beginning of Y, let Y, bee the - 
rietion of the Equator and Ecliptique, VR Z& go d, ofthe 
tor, and Y & & 90d. of the Ecliptique* | 


"WO 


CG 3 Sie 


"% = 
= : *_ .. 
- + Jad Wh To : 


/ 


22 DE WARREN 
pity N gl 
Side - 11.30.43 5. - $i.9300,1052.Col.9991, 234k be 
Angle-23.31.30 | - S$i.9601.1352.,Cof.9962.3153/.n 4 
Sides $27: 53.42 ;.- $1.9670.1111.Cof.9946.3565 n+ Ie « 
130, 0. o - $i.9698.9900, Cel.99 37. 5 306\T ev 
Angle-69.20, 3$ 3" 9971.1413. Col. 9547. 49189 5 of 


id , ” : . Kt 


Side - 11.30.43 ©. -T. 93089312.Cot.10691.06889 cot 
Angle-23.31.30 -T. 9538.8199.Cot.10361. 1 801f'F 
Sides) 27: 5 3.42 5. - T. 9723.7546,Cot.10276,2454 4 

30. 0, 0. - T. 9761.4393.Cot,10238, 5 606 
Ib 20.35 }. - T.10423.6495.Cor, 95 76.3505 


Cale 1. SIDES. ST 


By thebaſe and —_ oppoſite to the fpde ſought, to . fe 
. fade. | 
N th 


PX thi triangle adjoyningV RF, let the baſe V & beegjand 1 
230d, the diſtance of the Sunne from the EquinoQall 
and ler. the angle VY bee bt | 
meaſure is & &, 23d. 31.36 
greateſt declination of V Sunng 
the right angle at R, alwayes go 
finde the leffer fide + R the de 
on ofthe Sunne in the beginning} . 
If you continue the ſides to quanf 
then the proportion is, | 


As the whole fine y,S god. o' o”' Tnooodlifeſtt 
Is to the fine 5 AX, the mea-? \ g60j $ 


* fureofthe angle y - 23d. 31' 30" 


$9 15 the {ine of the baſe 30d. 00 00” 95 þ 
Tothe fine of the fide & R 11d, 3043”; x938 
- © Thedeclination of the Sanne 1n0 
Pur if you will inde the greater fi {i de YR, theainſie 
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xoleat1ygletthe angle atv be given, 69d. 20' 35”; whichis 

e angle thatthe Ecliptique maketh with the great circle pa(- 

ig by thedeclination of the Sun, The ſame Canon reſolveth 

| 10n, without continuation. ofthe. ſides, becauſe the 

Ynes of the ſides and oppoſite angles are proportionall, by the 
ofthe 4 b, of Regiomontanus. 

d : 2 -:Logs: -: 

rthefineof RY 90 Oo - © 10600,0000 

othicfine ofthe baſe y v 20 ©. 0 9698.9700 

;  istheſine of the angle + &R '69 20 353 ,, 9971-1413 

\ ae ogy 27 53.423 29670.1113 

The fight aſcenſion of the Sunne in the ſame place. 


Caſe 2 


F obs beſe anda _—_ to the fide ſenght, to finde either 
fiae, 


BN the fime triangle Y Rvletthe baſe © bee given as afore, 
nd theangle at & adjacent to the ſide ſought, to finde the 
: 2: ©;lefler ide &. R. Becauſe 
\ >. there.are not ſufficient dara 
in this triangle, continue the 
ſides: unto quadrants ,; and 
farther ifthere becauſe, viz7. 
VStoC,Rt toB, and 
S to A, then will 5 C be - 
Equall to V's," CB the mea- ' 
ſare of the angle &, A B the 
complement of that angle, 
1dBP « 9 Juall to R the ſide which is fought, and-ſo in the 
it that follow : wherefore, d, ey * -*- 
-. $ the wholeſine A C 90' 0' ©” 10000, 2000 


-—— — WK - —_ 


FP therang. of C 5 equall to vs 30 0 0 + 9761-4393 
$ Þ18 ABthe coſine of theang. 5 69 203573 9547-4918 
d the tang; of BP cquall t6''R II 3043: F9308-9311 

Md 3:31 \ The Suns declination. 

C 4 Secon ly 


w * . - 
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Secondly, inſtead of the angle at, let the angle at yy 
veni, to fin ethe greater ſide YR by continuation the | 
way: for Y v is giveri,therefore Quand Q'D.,alſo the ang 
1 is given, therefore the meaſure thereof D ce, and = 
' Wherefore, 


As the whole fine AD go © ©” Tooooy 


Is to thetangent of D Q I 
equall to thebaſe » & 39 9. Q: 9768 
$0 is A & the coſine of the angle 23 31 30 LE 


To the tangent of @F equal to the 
' fide y Rtheright aſcenſion c 27 53 425 #97239 


« Otherwiſeby complement. 
* As the Sineof P 55 

- Is-to the Tangent of wP 

So is the whole SineP #; 


To the Tangent of ZR the complement of RY the A 
 aſcehtion. | 4 


Caſe 3. 
B By the baſe axd either fide,to finde Fe ether fue.) ; 


]N the "SDA triangle RV, let the baſe 1+ v& be given, & 


greater ſideV R, to finde the lefler fide & R TY? cont 
On, Kc. ? 


As A R the coſitſe of YR 271 5 y 427 © 9946. 
 Isto the whole fineRp 90 ©. © 1 000d! 
Sis x the colineof ys 30 o oo _. 9997 
To xx Þ. the coline of, R II 30 432 9991 
:Orif you will avoid [ubtrattion, take the Avithmeticall ll 25 
ment of 27 ©, 53 we T which is 005 J , 6435» and at ” ! 
et A S$06 = 

" Secondly, letthe baſe Y & bee given, and the leſſer ki 

to finde the Yours fide YR by continuation &. gh 
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8 Log: + 

$2 vthe coſine of 4 R 11 30' 43'2 991-1740 A 
oY © the coſine of y 5 30 © 00 9937-5396 ; 
Fis the whole finePR _ 90 © 00, 10060,0008 

2K £thecoline af y R 27 53; 423: ;. 9946:35 66 

Woo fem $ - The Sunsright aſcention, 


7 EY .* Caſe 4: 
a RB exther fide and the angle oppoſite unto 3t, to finde the other 


" Wthecame triangle vR >,let the fide VR bee given, andthe 
Lager oppoſite thereunto, to find the ſides R: Continue the 
BY x andy R to quadrants, and A B ſhall bee the meaſure 


Wie anole at 27, 
Be Log. 


Bthetang.ofthe angle A B 69* 20' 35”; 10423.6495 
athe whole ſine B 90 © © 10000.0000 
7 berangentotV R 27 53 423 - 9723-7546 
291 ne Encof R& | II 30 435 93OO.IOFE 
Pr if you wil avoyd ſubtraition, inſtead of the T angent of 
mi; 7 «2 35 +, take the complement thereof, 95 76.3505 z and 
ng alltogeth ; 
DE Joinktead of the angle x and the ſide VR, let thean- 
(A andthe fide R be given, and the fide YR be ſoughtby 
* Penation, &c, | 

3 | | | As - 


LIT 


V- | | 
-- 


, F 
- 
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> of angles y £ % F 23%37 30". 96g 
A whiole Sine Bene 90 © 00 Iooor 


2  Soisthetang. ofthe leffer fide = 11x 30 43 x 930k, 


Tothe Sine of the NL RY 27 53 4254 969 2 
'. TheSuns right alcaff 
( the 
_ Caſe 5. | = 
| By either þ 4 aud the i oppoſs ite to the ſrde /onghe, tof 


ether ſide.” 


IN the ſame Triangle 'Y R ,,, let the ak Y be given, 
fide YR, to finde the fide & R oppoſite to the angle git 
TE continuation, ez 


As the whole Sine & 904, of ©' 100d 
Isto MK & the tahg. of theangleV 23 31 zo 963 
. $ois the Sine ofthe ſide given R 27 53 425 967 
To the tang,of the fide fought R& 11x 3o 435 493% 
The Suns det 


Secondly, inſtead of the angle V and the ſide yR, 4 
angle > be given, with the fide R> and the other de P x; 
fought: continue the ſides ,8&c, 


BC th 
tag 


[ 
+4 
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7369 P-rorone lg 


the whole ſine; B 901, & o” I 0000,0000 
0B A the tang,ofthe angle AFB 69 20 355 1042 2.6495 
is theſine of the ſide given R _11 30 43; 9300.1052 
'S the tang, of the ſide ſought Ry 27 53 42; 9723-7547 
: | : The Suns right afcention. 


8, 
70. 


ol the lameTriangle + R let the angles at V and yy be given, 


WÞdletthelefler fide R bee ſought : continue the ſides as 
Pre. | _—__ 


| Caſe 6, 
By both the oblique angles, to finde either of the fides. 


| Log. 

i” © the ſme of the angle BS C 69% ,20/ 35% PO7LIG1 3 
of * oe whole fine B & 90 © © 10000.0000 
"F-|-P the coſine of the 
Rees V o/E 23 31 30 9962.3153 

| PY the cofine of the ſide 5 R II 30 43, 9991.1740 
| The Suns declination, 


Secondly 


+$$ The AtofSHuanDovves 


'  *Secondl letthe greater ſide V R be ſought : continu Rl 
 fides the other way, as afore. , 


NTIT 

 eAthe fine of D & equall to - | Oy 
' $3 E the meaſure of the of 124 
angle 55 /E _  231.31' 30” g6o1 i 
Tsro ® F equall to A B the 29 
coſine of the angle B 5 C 69 20 35; 9g5418at 

So ts the whole ſine « 90 ©© © Tun p., 


To FY the coſine of thefpde RY \ 27 53 425; 9946 
SOR ' ,. The Sunsright aſcentions 


Caſe-7, BAS E. 
By eitber fide and the angle adjacent, to finde the bd 


INthe Gametriangle yy R let theſide& R beegiven, 
angle & adjacent thereunto, and ler the baſe + & bee 


continue the fides for want of ſufficient dgra. el 
| | | ang 
| wtior 
=, AB thecoſineof BxC G69g*'.20' 35% g541W8%*/in 
Is to the tangent of B P =_ 77” 
equall to; R II o 435 "8 the 
So ts the whole ſineeA C 90 © © " WY 
To the tangent of C 5 W-* ſine 

8 round Ba zo 0. 9M 


T he diſtance of the Sunit 
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Secondly, inſtead of the greater angle & and the leſſer fide 
BR, lerthe leſſer angle Y and the greater fide VR bee given :. 
Þnrinue the ſides a8afore, 


eMe, equall to P 5 the RN Log. 

coſine of 35 4 &E 234.31 30" 9964.3153 
to the tangent « F,equall | S_g9 
to RY 27 53 423; _ 9723.7546 
4 thewhole fine A D 90 £0 00 10000.0000 
the tangent.of DYC : | 

; equall to \'& | 30 OO Oo 9761.4393 


The ſame diſtance againe, 
Caſe 8. 
either fide and the angle oppoſite thereunts, to finde the 
aſe. \ 


J the ame triangle Y Roy, let the leſſer ſide R be given,and 
angle y oppoſite thereunto,to finde the baſe Y v, by con- 
tion as afore, 


5 408Þe ſine of AE the meaſure Log, 
the angle \* 23.31" 30”: 9601.1353 
03008 the whole fine > 1 90. 00 00 10000,0000 _ 


0008 FÞe fine of the fide'& R Ii 30 43; 9300.,1052 
+ ne ofthe baſe '5 ' 30. 00 00 g698.8700 
9761 &” "© The arſtanceof the Sunne fromV 
nut Secondly, 


36 The Artof SHADowveEs: 
ndfy ler the greater fide VR bee given, and the ph 
angle oppoſite thereunto, witbout continuation. 


As the fone of the greazer = ' "y 
, We, $ 09.20 35.7 NY 
Is to the the grea- x 
: ws” + Wt £ 27 53 423 96704 
Sou the fin* of  R'& 90 © © 1Oooq 
Tothe fine of the baſe & 30 © © 9698 


T he ſame diſt ance 


__ Caſe 9; obes 
: By both the fides given, to finde the baſe, © 


2 D Regan RY, Iet the fide & R, and] 
=. - * Y Rbe Ws to findethe baſe, by continuation as4 


As the whole ſine PR g0*,00' OO'! | 
..Is to RFA the coſine of the x" R 
EE | 37:53 48] 
So us Þ 15 the coſine of the d ; 
leſſer de 5 R : II 30 433 
Toy.s th, coſine | 
bv & "wy of and 30 £000 AM9gi 


The Suns diſtance from) 


' The Artof SHADOWVES: ET 


| Caſe 10, 
By both the oblique angles, to finde the baſe, 


h f A B the meaſare Fog- 
thetans,o0 e d , 77 

fthe greater angle B & 4 c 69.20 35'7 104236495 
s the whole ſine B & fk go O-.© 'I0009.0000 

Ws P I the cotangent of the | SEIESS: 

fa vos CE. 23 31 30 10361.180x,, 
US © the coſine of the baſe Y& 30 ' o o  £9937.5306 
| The ſame diſtance of the Sunne againe.' 


3:7 8 Caſe xt, ANGLES, 
ether fide and the angle oppoſite thereto, to finde the other 


le, 
Tofune triangle Y Rv, letthe greater fide VR and the 
eater angle x oppoſite thereto bee given, to finde theleſſer 
le adjacent to the ſides given:continue the ſides as formerly, 


'v Yy 
Ly 


Th ArofSuavoves 


Ar AP Þ, whoſe meaſure i; | : 
| ReE, the coſine of the> 274.53' 43"% 
= rnd p 
© Zst0 A.B the coſine of the ; 
7 eater angle B's C 69. 20 353 
* $35 rhe ſomes ſoneofe ABD 90 O@ Os 
. we tf <> 7 wall to | 
SEE anare of cho . 23.31 -30 
Angle DC oE | EF 
WW”; The greateſt declination of mn 


© Secondly let the lefler. fide  R be given, and the lee 
ſite thereto,to finde the « = gd angle x adj Jacelt 
O | 


bac given, by continuation as aforg. 
As PS the coſene of the leſſer 3 
fide 'R I1'.30 43's 999% 4 
is to the r fine of PS & go co 00 +1000 
So i PS the coſont of the leſſer il 
angle N 23 31 30 996) 
To PSS theſine of the grea» 4 
ter angle 5 © 69 20 35 9971 


The angle of the ecliptick and meridiay, recep 
verticalt angles be the ſame, 


Thetrt of SHaDovveEs. by 
Caſe 12. 


ither fide aud the angle adjacent to it, to finde the angle oppo- 


te to that ſide, "FD 
k the fametriangle V RE, let the greater angleys bee given, 
dthelefſer ſide & R:to finde the leſſer angle oppoſitether= 


continne the ſides as formerly, | 


ALI 


63 \.4 


he whole fine ©'A 90*,00 00 
& P the coſine of the leſſer 
CR 


T 0000.000@G 


Fl 


eB he fore of the grea- 

ol angle A®B 69.20 353 9971-1413 
T & the coſine of © AZ the. 

1 Weafture of the Ielſer ano 

* EI: '23 31:30. x9962.3153 

T he greateſt declination of the Swunne 4s afore. 

rcondly, let the lefler angle V and the greater lide y R bee 

Wi co finde the greater angle & oppoſite thereto, by conti- 
on as afore. | 

Wc ſneof AB P 904,00' 09” To0000,0000 

g998eve ire of A P equall to 5 e/E oo - 

00 B-4/wre of the leſſer angle 23 31 30 9601.1352 

 JWreſneof A Þ B whoſe mea- 


, 11 30 43; 9991-1740 


g6n<#R E the coſine of the | 
"Wn dev R 27 53 423 9946.3565 

1971 B the coſone of B C the mea- 

ſel e of the yreater angle & 69 20 354 49547-4918 


The angle of the eclipuick and meritian as afore, 
'D Cals ». 


- 
n * 


\ Y 


34 The Artof SYuaDovwes; | 
Caſe 13, 
By the baſe and one gngle, to finde the ether angle & 
{ 


JN theſame triangle V Rt, letthe baſe Y I be given, #\* 
greater angle &,te finde the leſſer angle Y * continueg'%* 
as formerly, the 


boon B 
6-0. 
Vs 


Y 
Q 


' As the whole fine's B 
Ts tos Ss the coſine ofthe baſe Vs 3o o0 00 gg 
So ts the tangent of B A the mea- 
ſure of the greater angle & D 69 20 35 3 Tod 
To PS the cotangent of 55 /X the '" 
rwe4/ure of the leſſer angle © 23 31 30 10 
The greateſt declinati 


Secondly, let the baſe Y & and the leſſer angle 1 be 
finde the greater angle &, bY continuation,&c, 


Ars S the coſine of the baſe Vs 90*,00' 00" 
Ts to Þ 5; the cotangent of 5; e/E 1 
the meaſure of the angle 23 31 3o 10908 
"Sox the whole ſine ; B s 90 QO gO0 TOW 
To the tangent of BA the meaſure 
' of the greater angle 5 6g 20 35 x5 1098» 
The angle of the meridian fp 


"1 od 
WY Aa 
X 4 


"The fr of SHaDovves: 35 


3 Caſe 14, 
\Þy the baſe and either fide, to finde the avgle comprehended by 
'4 - | 
them, 
the ame triangleY R I, let the baſe + & and the greater 
idey R be given, to finde the leſſer angle Y @mprehended 
them : continue the ſides as formerly, 


Gob-=Lr _—_— 
R. 
"8 the tangent of G D equal | Tog. 

Þ-vv 30. o o' 9761.4393 
go the whole ſine D A 90 oO Oo 10000.0000 

6 the tangent of F e equall 

YR 
Athecoſine of 6D equal 
Wo ES the meaſure of the | 
weleV | 23 J1 39. Fo962.3153 
1 The greateſt declination as afore : or 4s tangent R e/E 18 
'2 to the ſine /E Þ, ſois the tangent & © tothe ſine 5 P, 
J>ccondly, letthebaſeV & and theleflet ſide & R bee given, 


inde the preater angle & comprehended by them ; by conti- 
Ian of the ſides as afore. 


| Wtehe tangent of IT C equall eto Log. h 
ebaſe\'& 30*,00 00” 9761.4393 
the whole fine CoH © go 00 00. 10000,0000 
TW the tangent of P B equall to | 
Beſides R 


27 53 435 9723.754% © 


[ 0 


109 4 the coſine of B C 
We Peaſure of the greater | 
+ 69 20 355 9547.4919 
of | The angle of the meridian and ecliptick, - 
, D 3 Calc. I p) . 


11 30 434 9308.9312 


J , a : | 
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| Caſe 15. 
By the baſe and either fide, to finde the angle oppoſite tot 
JN theſame triangle Y Rx, let the baſebee given iſ"! 


rheleſſer ſides R, to find© the leſſer angle y oppoſite (#"®; 
by continuation of the ſides, as afore. | 1 


ids the ne of the baſe 1 & 
1: to the fine of the leſſer 
| R 


&T 
Sou the whole ſro 5 
Toto the fins of Ba the mes- 
' ſure of the leſſer augle 33 31 3@e | 
| ai T be Stunnes greateſt ai 


Secondly let the baſe V/ ,and the greater ſide yR 
ro finde the greater-angle & oppoſite thereto with 
NUATION, &c, : | 


As the ue of the baſe y'5 30*00' og” 
Ts to the fine of \ Rg ' $0*00 00 
So # the ſine of the greater 
fiaeV R | 27 53 43 
To the fine of the greater an- 
fHeXNvh © . 69 20 353 M 
The angle of the ecliptick and merit 


- 


The Art of SHADovvEs.. 


Caſe 16, 
By both the fidez, to finde either oblique ayple, 


the fame triangle y RF, let the greatet fideY Rand the 
fer fide R bebeth given, to finde the leffer anBley 3 con- 
"We the fides as formerly. 


WA 
F- P*., 
Gr yo 
Wh. 6" of Q 
Hoon R, Oo neb nn Hh 
the ge of the greater Locer, 
| | 274 53 42": 9670.1111 


the tangent of the leſſer 


des R IT 30 43; . 9398-9312 
vs t6* whole finewe/E go oo oo 10000,0080 
the tang,of e/A © the mea- ** 
re of the leſſer angle 23 31 30 9638.8201 


The Sunnes greateſt decliuation as afore, 


econdly, let both ſides be given, as afore,. and the greater 
le ©be fought, by continuation as formerly. . 

| ogar. 
the fine of the leſſer rides R 11 30' 435 9300.1052 
the tangent of the greater 


=” 27 53 423 9723.7546 
the whole pos H 90 00 00 1 0000.0000 
be tangent of H G the mea- Eh X 


are of the greater angle © 6g 20 35% 10423.6494 
The angle of the ecliptich and circle of deglinatzon as _ 


r - 7 Fs kv l . q 
'$ 


The Art of S 1 A D © VV E $* 


— ——_ 


OF OBLIQVE TRIANGLES, 


_Caſer, 
By the three fides,to finde any of the anger, 


N theſe oblique triangles there are 1 2 Caſes and threeſcon 
ricties ; but becauſe there is little uſe of them in this Tre 
' And they arealrcady learnedly demonſtrated by Mr, Hewy 
librand in Trigonom; Brittannica ; 1 will only give exam 
the Caſes, and leaye theſeverall varieties to every manspn 
. praftice. | . 
Ter the triangle P ZS repreſent three great circles « 
Sphere : Þ Z part of the meridian of the place between tit 
and zenith, P S partof any other meridian between thep 
the Sun, & Z S partof any azimuth between the zenith 
Sunne.” And let the three ſides be given, vizt.P Z 38d. 
complement of the latitude, P S 704. o' the complement}. 
declination, and Z S 40d. o' the complement of the Sunuif 
titude ; to-finde any ofthe three angles. = = 


Oey 
Let the fide oppoſite to the angle required be always 
the operation ;and then therule 1s. Adde the three (ideal { 
thedifferences' ; the Arithmeticall complements of thelg*** 
rithmes of halfe the ſumme & difference of the baſe added - 
the Logarithmes of the difference of the other two ſidaWoan 
a number, the halfe whereof is the Logarith,tangent ofhulWhgoent 


- 
- 
a 


ther, out of halfe the ſammeſabtrad every ſide, ſo halt i 


"2 

p: 

PS. 
#5 


— 


a PF. "u L 
G 2.” fa 
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he baſe P : 70%, © 
| Z $ 40 © 
befderh 7 p 28 29 
The ſwmme 148 28 Toyar. | 
The balfe ſum 74 14 ST AR } 
af adebaſe 4 14 * 1131.,8354 Artth, oompt. 
; 34 14 9750.1723 
mp iff be fer2 5 46 -9766.7739 
0 Totall 20665 ,4357 
© - The halfe 10332,7183 Isthe Logarith. tan- 
4. gent of halfe the angle 65 4,4 1276 
The double ts the angle Z 1304.8 25 52 


F Thus may you finde the angle Pto be 31 d.z1' 43” 42, if you 

"Make Z S the baſe 404, o', inſtead of P S 70d. o., - -. 30 
And(o allo the angle S to be 30d. 24'6” 98,if you-make Þ Z 
baſe 38d. 28, infleadotP S, 70d, 0. ” 


= Caſe 2. 2 (ANT 
By the three angles, to findeany of the ſides. 


"Witheſame triangle P Z S, let thethree angles P, Z, and Sbe 
pn, tofinde the three ſides, Zf, Z S, andP S. This caſe is 
Jp tbeconverſe of the former,and the ſides turned into angles; 
Ferefore let the angle oppoſiteco the {ide required bealwayes 

© In the operation, then is the rule the ſame. 
Pnge 8 Adie the threeangles together, out 
of hate the ſumme of them ſabtrac e- 
ver} angle, ſo have you the differences ; 
the Arithmeticall complements of the 
. _ Logarithmes of halfe the ſamme and 
; difference of the angle oppoſite to the 
fide required, added unto the Loga- 
rithmes of the difference of the other 


ber, the halfe whereof is the Logarith, 
fe the fide deſired. | 


D 4 | Angle 


hs ——_ 
- , 


th 


4 The Art of Sk b OWE 
| The angle oppoſite 8 304 24 7 


P 31.31 4342 
The other angles Z 49 51 348 (ompl, 


The ſumme I11 47 2499 Logar. 


The halfe ſummg 55 $3 4245 oo81:9631? , Ts ; 


Differ.of the angle. S. 25" 29 ' 3545 0366-1239) 
Diff of the angle Þ . 24, 21'-5 993 9615.4977 
Diff.of the angleZ G62. 737 


. Totall  19085.3758 


Thebalfe - 9542.6879 Is thi 


Sg arith. tangent of halfe the fide 19% 14 
The dowble the whole ſide PZ 38" 28 


Thus may you findethe fide Z S to bee 40d. o', if youlſ"* 


Phe angle: oppoſite to theſide ſought, 3 1d. 31'43"42i 


of $ 30d, 24 7. | 


© And {6alfo the fide P Stobe 708. ©, ifyou male 2 
gle oppoſite to the fide fought 1.304. 8' 25” 52 inſtead oh. 


24 7» 


Note, becanſe 49 d, 5 v 34" 48 ir the complement of th 


angle Z to 180d. therefor: the number found ts the cotanh*; S. 


halfe the fide $ P deſired, 


By any angle and the two fide: oppoſite to. the angle gal: 
- ſought,#0 inde the other angles, 42M 


NtheſametriangleP Z $, let the acute angles, with! 
+7 P oppoſite thereto, and the ſice P'S oppofite to tp 
ſought be given, ta finds the obtuſgangle Z. 


” 


> " 

”. - « F 
| % 

'F 

» 


fo 


In all ſphericall triangles 7 Ty 


ver, the ſines of the ſides 1 


of the oppoſite angles are Þ PB 


nall one tq the other,and.co 


the16 and 17 of the 4 boa 'S : 


070Nt. | 


63 
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Logar, 
Wi the fine of che ſide PZ 38'28' of 0206.,1683 Ar.cong 
to the ſine of the MPB= 
gePSZ 30 24 7 9704.2046 
. zh fone of the fide PS 5a © © 9972.9858 
Withe fine of the an UE > 
SdePZS 130 $8 253 x9883.3587 
S$a9d.51' 34", becanſe the ſame fine ſerves both for the ob-: 
uſe and acute angle, : 


he dſoof the other angle, giving theſide Z Sinſtead of ZP, = 


Caſe 4. 


wy fide and the two angles oppoſite to the ſides rivew & ſought 
ffs Frode the other two fides. 


a the ame triangleP Z S, let theſide.P Z and the two angles, 
«<f oppoſite rs the fide given, and Z oppoſite to the fide ſought, 
"Weren,tofinde the fide P SF. | 


"8-4 my This caſe is but the converſe of the 
=. former,” for in all ſphericall triangles 
the fines of the angles and of their op- 
poſite ſides are proportionall one to 
the other, by the ſame 16 and 17 prop. 
ef the 4. ric hs Regromont, ” © - 


Po. Logar. 
£P 30* 24' . 0295,7954 Ar.comp. 


38 28 o 9793.83r7 


130 8 253 9883.35870r 49 51'34"s 


of i faePS 50 o o X'9972.9858 
2 ay theother ſide bee alſo found, giving the angle P in- 


3 8 of Z ors. 
' = Caſe 5 


42 " The Artof SHaDovves. 


Caſe 5. 0 2 
By two fides and the angle comprehended, to finde the ffi? 


angles, 


JN theſame triangle Þ Z S, lerthegreater fide S, ande | 
*the leſſer ſides ZS, andone of the acute angles S comprais 
ded bee given, to finde the other acuteangleP, or obwk' 
gleZ, ' 


- Thiscaſeand the reſt that follow, muſt bee reſolvedy 
of a perpendicular, which may fall both within and why... 
the triangle, reducing the oblique triangle into two I 
gled triangles : wherein obſerve, 

- . I That iftheangles at the baſe (upon which the perpt 
lar alwayes fals )be both of one kind, the perpendicular 
within the triangle, as in the firſt variety : but if of dive 
the perpendicular will fall without the triangle.,as in them 
variety 3 and therefore the kinde of the angles at the vu 
alwayes be known, : 

2 That inthis caſe the baſe is one of the ſides given 2 

to the angleſought, and the perpendicular muſt alw 
from the extreame of the other ſide given, upon the vat 
tinned, if there be cauſe. -. 


The proportionals, 
ef: the Radins, 
1s to'the coſine of the angle given, ; + 
So x5 the tangent of the hypotenuſa, 7" the 
To the tangent of the baſe between the angle given and) ne t: 
pendicalar, | +: 


_ 


\ av % - 
ve" F, # "RM 
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S | Secondly, 

LP fine of the baſe between the angle given and perpendicular, 

Tho the fine of the baſe between the angle ſought and perpendi- 


4 he tangent of the angle given, 
Wthe tangent of the angle ſought. 


_ __ I Logar. 
the ſineof ZR S g0i, o' o I 0090.0000 
tothe coſineofZSR 3o 24 7 _ 9935-7574 
, ÞothetangentofZS 40 © © 9923-8135 
y therangemt of RS 35 53 33; X9859.5709 
4d EP. 700 ©: 
PR 34 6 21, 


ay | Secondly, Logar. _.. 

the fine PR 344. &' 21"; 0251.2498Ar,com. 

WtheſineS R 35 $3 385 9768.3109. 

metang, of ZPR 3T 31 43 5 xX9787.8079 

ey *f Il. Ro | Logar, 

bY hn ofPRS go", o' ©” I0000,0000 

© | 31 31 437 © 9930.6323 
70 00.5 10438.9341L 
66 52 3$ 10369.5664 
38 28 o NEE 
28 24 38 


. Secondly, . Logar. 

28'.24' 38” 0322.5882 Ar.com. 
66 52 38 9963.6309 

31 31 437 9787.8079 

49 51 34x 10074,0270 
130 8 255 


IN} Therefore 5 2 p 


L * 2 -ax-- | NE ITY 
As ; ” | 20 a 4 
><. | F* 
44 - HreofSHaDdovyves. 
» Y - 


- Ob $- -- Ks 
w/o fdes andy the angle comprehended, to finde the hs, 
e, Ks 


I the ſame triangleP Z S, let thegreater ſide PS, andoff0 5 
the leſſer fidesP Z, and the acute angle P comprehend 
given, to finde the other fide Z S : or let the two leſſer 
ZP,andZS, withthe obtuſe angle Zcomprebended be gifts} 


to finde.the greater fide PS, 


4 
| © 
EN Rp __ Scoth 

In this caſe alf the baſe is one of the ſides given,andth bk 
pendicular-maſt fall from the extream of the other fide We. 
and contirliediF there be cauſe ; and therefore may fill 
kerently 3 from Z .or Sinthe firſt variety, and frem P ors 8 
ſecond variety, but whether wichin or without the trung 


firſt of the former cautions will dire& you, 
| T The proportionals. 
es the Radins, 
Ts to the coſine of the angle gives, 
Sos the tangent of the hypotenaſa, ws 
To the tangent of the baſe between the fide gruen (and i 
perdicular, | | 


Secondly, 


As the coſine of the baſe between the fide given and perpe : } N 

7+ to the coſine of the baſe between the ſide ſpught ana 1 
cular, 

So # the cofunt of the fide given, 

To the coſunt of the ſide ſought. 


A 


R _ dE M5. : bs 
X © , 


a be 
\ ag = Tha of % + &+,! 
ET) Ws: | \ 
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F I Logar. . 
ba thefine of ZRP 904, &' o' 100000000 
lt the colineof ZPR 31 31 435 99306323 
authetangentof ZP 38 28 © _9900.0865 
fo the tangent of RP 34 6 215 29830,7188 
W 3 PS 70 CW: 
RS 35 53 38? 
_ Secondly, Logar. 
athecofineof PR 344. 6' 21": oo8r.9687 Ar,com. 
pthecoſineof SR 25 53 385 ogo8.5401 © 
FoisthecolineofkP Z 38 28 »© 9893.7452 
othecoſine of SZ yo © o Xx9884.2540 
| II Logar.. 
F-thefineof ZRS gol, o' o 10000,0008 _ 
Fo thecolineofRZS 4g 5i 34: 9809.3327 


" f \ 


the tangent of SZ 40 o 0 9923-81 35 
Pre tangent of RZ 28 24 38 79733-1462 
ol ZP 38 28 o 


RP 6652 38 
| Secondly, Logar. 
the coſineof Z R 28%.24' 38'  0055.7344 Ar.com- 


Y=thecoinecftPR 66 52.38 9594.0645 
= thecolinebtZS 4o'o © 9884.2539 


f d the coline of Þ $ . 70 © o '#9534,0528 


| Cale 7. 
"gg and an engle adjacent to either, to finde the other 
neler. 

Wthe lame tangieP ZS, letthe twolefler fides Z P and 7 S, 
' 7 - ute angle P adjicent to theſide Z P bee given, to 
F the obtuſe angle Z, Orlet the greater {ide P'S, and one 
WE (fer fides Þ Z, and theobruſe angle Z adjacent to the 

"IF << X8iven, to finde the acuteangleP, 
| ; | In 
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In this caſe tg 2 wa wy ae unknown, and 
perpendicular mu om the angle ſought, upon tl 
continued, if there be cauſe ; but whether within or will 
the triangle,'the caution of the fitt caſe will dire& you, Wt 


woes 


The proportionals. 


 eMrthe Rading, 
Ts to the coſine of the fide adjacent to the angle given, 
So i; the tangent of the angle given, 

Tothe cotangent of the angle between the ſame ſide and th 


pendicular, 
; Secondly, 


As the tangent of the ſide oppoſite to the angle grvey, 
Ts tothe 2 wy the ws F - Pabiong WOT 
S2 5 the coſene of the angle laſt found, 8 
To the coſine of the angle between the ſide oppoſite and tine 
pendicular, . L - 


| I Logy, 
As the fine of Z RP 90% o' 'o© T0000.0008 


Isto the coſine of ZP 38 28 © 9893.74 
So is the tangentof ZPR 31 31 433 9787.80) 
To the cotang. of PZR G4 29 35 968155} . 


Secondly, Logar, 

As the tangentof ZS. 4o* of © 10076.18644 

Is to thetang. of ZP 38 28 o 9900,0865 

Sos the coſineof PZR 64 20 35 9636.47 Fu 
To thecoſine of SZR 65 47 51 #9612.7449 

| Therefore SZP 130 8 26 1 


F . 


'$ 


b « ” > 
* , I a 4 4 X 4 & - wu 
ES IEEE Wo YE IRIS” 
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= II Logar. 
aheſine of SRP g90* & oO”  T0000,0000 
the coſine of Z P 38 28 o©o  9893.7452 
Woithe tangent of RZP 49 51 343 10074.0258 
Wothe cotangentof RPZ 47 7 264 9967.7710 


| | Secondly, Logar, 
the tangentof SP 7o' © of o9561.0658 Ar.com? 
Wtotherangent of ZP 38 28 o 9900.0865 
oithe colineok RPZ 47 7 263 9832.7732 _ 
Fo the coſine of SPR 7$ 39 10 @9293.9255 
SF Therefore PZS 31 31 433 
Note that whes the perpendicular fals within the triangle, the - 


mme of the verticall augles of the two right angled triangles 
hi che angle ſought ; whenit fals withoyt, the difference of them. 


Caſe 8. 
y1wo ſides and an angle adjacent to either,to finde the other ſide, 


W\the fame triangle P Z S, ler the two lefler fides P Zand ZS, 
one of the acute angles F adjacent to the fide Z S bee gi- 
a, tofindethe greater ſide P-S, Or let thegreater ſide P $,and 
Pot thelefſer fides Z F, and the acute angle P adjacent to the 
e Þ She given, to finde the ather ſide ZP. 


Rk 


ph this caſe the baſe is alwayes the fide ſought, and the per- 
acular mnſt fall from the oppoſite angle upon the baſe con» 

PA4liftherebecaute ; but whether wirhin or without the - 

$-2'< the caution of the fift caſe will dire& you, _ | Ths 


T2 AN a+. £ —- A « L . p % ov 
, : F 7 


_ 
Js 
«a - 
= » } 
o 
q 
.” 
1 - - 
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The proportionals, 


eMt the Radius, 
Ts to the coſine of the angle given, | 
$0 is the tangent of the ſide adjacent to the angle given, 
Tothe tangent of the baſe between the perpendicular 

\ glegoven. .. 


Secondly, 


. As the coſine of the fide adjacent to the angle given, 
Ts to the coſine of the feds oppoſite to the angle given, 
So * the coſine of the baſe between the perpendicular and th 


RBOWN., + 1.78 | Ft 
TY the coſene of the baſe between the perpendicular and thilf]e 
uOWn, 


? 


\ I Logur; 
As the ſine of Z RS. 90*. o& Oo” T1 0000.00C 


Is to the colineok ZSR go 24 7 9935.75) 
So is the tangentofZS 40 o o 9923.81j 


To the tangent of RS 35 53 38% I9859-5700* 


Secondly, Logar, 


As the coſine of Z $ 40* of o' orr5.7461 he 
Is to thecoline of ZP. 38 28 © 9893.7452 1 
Soisthecolineef RS 35 53 384 9908.540 


1 Tythecofineof RP 34 6 213 - #9918.0314" ' 
- There Jp 72 0 © 


is = 
/ - ? go" . E * 
$ \ . T% A þ 4 ev. #..* 
RE 2 roo a” - ne, 
ET a EEE 


— 
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| IT Logar, 
Ktefige of PRS go' & of _10000,0000 _ 
© thecoſineofRPS 31 31 43; 9930.6323 - 
Sthetangent of PS 79 0 oO 10438.934L 
etangentof PR 66 52 38 10369.5664 


po Secondly, Logar, 
hecoſine of P 5 0-0 0465.9484 Ar.com, 
vthecolineof ZS 40 o © 9884.25 39 

the coſineofkPR 66 52/38 95 94.0645 

he coſine of ZR 28 24 38 X9944.2668 
Therefore Z P 38 28-0 

Tt that when the perpendicular fals within the triangle , the 

mme of the baſes of the two right angled triangles, :s the ſide 

uoht ; whenit fals without, the difference of them, * 


Caſe 9. 
wo angles and the ſide comprehended, to finde the other an» 
, 


- 

—Fevefame triangleP Z S, let the obtuſe angle Z, & the acute 
Wes, and the fide Z S comprehended bee given,to find the 
Tacute angle P, Orlet the two acute anglesP and S, with 
ve PS comprehended be given,to find the obtuſe angle Z. 
dthis caſe the baſe may be either of the ſides unknown, and 
perpendicular muſt fall from one of the knownangles upon 
Pale continued if there be cauſe: and therfore may fall indif- 
itlyfrom Zor S in the firſt varjety ; and from P or Sin the 
iavaricty ; but whether within the triangle, or withour, 
Futon ofthe fift caſe willdire& you, 


| 7" "M The proportionals, 
e coſine of the fide comprehended, 


Lo 
ol, Y'%e tangent of the angle at the baſe, 


14 be cotangent of the angle between the perpendicular and fide 


E Secondly, 


The Art of SHaDovves, 


Zo 


Secondly, 


As the fine of the angle between the perpendicular and ſid: ti { 
Ts to £ fine of. Tho bet between the perpend. and ſine miffto'th 
Ss i the coſine of the angle at the baſe, s the 


To the cofine of the angle deſired. _ 
— P 
Pot Bas PFs 27 
(+ OE Ts Ne 
* RK 
Sons 1 Loga 
As thefineof ZR 5S g9o* o& & I ©0004 "de. 
Is to the coſine of Z $ 49 ©. © 9884, this 
So is the tangent of ZSR 30 24 7 97646 
To thecotangentof SZR 65 47 51 X9652.Mfadj 
| SZP 130 8 26_ 
| RZP 64 20 35 
| _ - Secondly, Logar, 
As the fineofRZS 65447 51” _ 0039.956 
Is to theſineofRZP 64 20 35 9954.9188 


Sos the coſine of ZSR 30 
Tothe colineof ZPR 31 


24 7 9935-7574 hs 
31 43; 29930.6327 


II 
As the fineof PRS go* o o' 
Is to the coſine of P'S 70 Oo © 
So is the tangentof PSZ 3o 24 7 
To the cotangentofSPR #78 39 10 
ZPS 31 31 43; 


ZPR 47 7 26 


— - I ry 
V 
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Secondly, 


hefne of SP R 78* 39' 10” o008.5733 Aricom, 

othefine of ZPR 47 7 265; $9865.0022 

s the coſineof RSP 30 24 7 9935.7574_ 

thecoſine of RZS 49 51 345: X9809.3329 
Therefore PZS 139 8 255+ 


Caſe 10, 
Iwo angles and the fide comprehended, to finde the other ſides, 


the ame triangleP Z S, let the obtuſeangle Z,and the acute 
vicP, with the leſſer ſide Z P comprehended be given, to 
theother leſſer fide ZS. Or let the obtuſe angle Z,and the 
e angleS, with the leſſer fide Z $ comprehended be given, 
; ide the greater fidePS, 
"= this caſe the baſe is alwayes the third (ide, neither given 
Fought, and the perpendicular muſt fall from the angle gi- 
F24Jacent to the fide ſought upon the baſe continued if there 
ule, but whether within the triangle or withont, the cau- 
of the fiftcaſe will dire you. 


The proportionals. 


——— 


1 Ie Radins, 
s. Te eafine of the fide given, 
247 bc tangent of the augle at the baſe, 


" ge of the angle between the perpendicular and the 
_— 


E 2 Secondly, 


F ___ Me : 4. * 4 A + 
i nb The Artrof SHADOWWES* 
Secondly, 


eMs the coſine of the angle between the perpendicular 
ſought, 


1s to the cofine of the angle between the perpendicular 
grven, 

So z the tangent of the ſide given, 

To the tangent of the ſide ſought. 


I 


As the fineof ZRP -90* & o' 


Is to thecoſine of Z P 38 238 © 
Sois thetangent of ZPR 31 31 435 


To the cotangent of PZR 64 20 35 
cs PZS 130 8 255% 


RZS. 65 47 50; 
Secondly, Logar, 


As thecolineof SZR 65*47 50"; 0387.2551 
Is to thecoline of PZR 64 20 35 9636.4720 
So is the tangentof ZP 38 28 o ggoo,of6 


To the tangent of Z $ 49 o oO F#£9923.01;68 


II Log 
As the fine of PR'S go?, o! o” 1 00000 
Is to the coſine of -Z S 40 O © 988/ 
Soisthe tangent of S ZR 49 51. 34; 10074 
To the cotangent of ZSR 47 44 52 xX99584 
£SP 30 24 7 
RSP 78 8 59 
Secondly, Logar. | | 
As the coſineof PSR #78". 8 59” 0687.4981 | 
Is tg the coſine of ZSR 47 44 52 9827.04 
 priermgraret 2s 430 os arr 
TotherangentotPS 7 o o x0438.9 


= + Cy 
wary a, To, 
—_—_ 
= 
, 
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Caſe 11, 
7 10 angles and the fide adjacent to exther, to finde the other 


| angle, 


N the ame triangle P Z S, let the two acute angles P and S, 
1nd the fide Z Sadjacent to the angle S be given, to finde the 


uſe angle Z, Or let the obtuſe angle Z, and one ofthe acute 


i8noles?, with the fide P'S adjacent to the angleP be given, to 
inde the acuteangle S. - 


-Þ 1nthis caſe the baſe is alwayes oppoſite to the angle ſought, - 

"Rd the perpendicular muſt fall fromthe angle ſought upon the 
aſe continued if there be cauſe ; but whether within the trian- 

9)Sle, or without, the cauticn of the fift caſe will dire& you. 


. 
. 


| The proportionals, 
BA: the Radjua, | 


WW 0 the coſine of the fide given, 4 | 
Wo i the tangent of the angle adjacent to the fide foven, 


4 0 the cotangent of the angle comprehended by the perpendicular 
F andthe ul 4 p o : T 


given, 


Secondly, 


xv ithe coſpne of the augle adjacentto the fide given, 
I **the cofpne of the other angle giv en, 


"y” ® the ſine of the angle comprehended by the perpendicular and 
. fide known, | | | 
S190 9 the fine of the angle comprehended by the perpendicular and 
98 fat unknown, © 


E 2 "al 
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54 
I 
| | Logar;, 
, As the fineof ZRS go? o' o' I 0000.0000 Wy th 
Is to the coſine of Z $ 40 © © 9884.25398 /# 


So is the tangentof ZSR 3o 24 7 _9768.4471 
To the tangent of SZ R 65 47 51 F965 2.7011WY-. 


Secondly, 

Logar. #* 

As the cefine of ZSR 304,24 73” o0064.2426 Ar Int 

. Isrorhecolineof ZPR 3x 31 43%: 9930.6323 Ttendic 

"Soisthe fineofRZS 65 47 51 9960.0435 iche 

: To the ſine of RZ P 64. 20 35 ©9954-91 84 Ee tr19 
.. . Therefore SZP 130 8 26 du, 


IL 


| Logar. 
As thefine of PRS go" of o” 10900.c00fff; 
Is to the coſine ofPS 0 7 ©o o 95 34-0516 


So is the tangentof SP R 31 31 433 9787-809 
To the cotangentof PSR 78 8 59 Xx9321,859 


JW: the } 
0 thee 
«the x 
the ta 


ae gy 


Secondly, 


Logar. 
As the coſine of RPS 31431' 43% o069.,3677A 


Is to thecolineofk RZS 49 51 34% g9809.3327 
So is thefineok PSR 78 8 59 9990.6444 


Totheſineof ZSR 47 44 53 #9869. 3448 
Therefore ZSP' 3o 24 7 , 


the tay 

Note, that when the perpendicular fals within the tru F- the t; 
ſumme of the vertical angles of the two right angled triaf Is þ 
the angle ſought, but when it fals without, the differ**/ne 


them, | GLLY 


— 4 


The Artof SHADOWWES. 55 


Caſe 12, 
by two angles and the ſide adjacent to exther, to finde the other 


ſales. 


WNthe fame triangle P Z S, let the two acute angles P andS, 
"With the fide Z P adjacent tothe angle P bee given, to finde 
"ſegreater fide PS. Or let the obtuſe angle Z,and one of the 
meanglesS, with the fide P $ adjacent to the angle $ bee gi- 
n, to Ar the leſſer de Z S. 's 
-Iathiscaſethe baſe 1s awayes the ſide ſought, and the per- 
adicular muſt fall from the angle oppſite to the fide ſought up- . 
\the baſe continued ifghere bee cauſe ; but whether within 
etriangle, or without, the caution of the fift caſe will dire& 
Do. . 


f 


07 Fi 


59 The proportionals. 


sthe Radu 
thecofre Webe angle adjacent to the fide given, 
k «the tangent of the fide given, 
the tangent of the baſe between the perpendicular and the 


10 F4 23ven, 


Secondly, 


the tangent of the angle oppoſite to the ſide given, 
wr WL tangent of the angle adjacent to the fede given, 
rin Fc fine of the baſe betwees the perpendicular and fide known, 


fer be fine of the baſe between the perpendicular and ſide un- 
Knows, 


As 


4 Y » 
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I \ 
| Logar, 
As thefineof ZR P god, o! o' 10000-0000 f 
, Istothecofineof ZPR 31 31 433 9939-6323. 
Soisthetangent of ZP. 38 28 o  9900.086 


I To the tangent of RP 34 G6 21; X9830.710hs 


Fd 


Secondly, | <2 
Logar. , 
= Asthe tangentof ZSP 3024 5" 10231.5527 AF 
+. Istothetang.of ZPR 31 31 43: 9787.8079 Wa 
'/" _Soistheſfine of PR 34 6 21 9748.7501 Fl 

'- To the fineof'S R 35 53 383 £9768.1107 | - 


Therefore PS 


II 


pl y Logar. 

As thefineofPRS g0* o' o” - . 10000.0000 refer 
Is to the coſineof P SR. 30 24 7 9935-7574 » Par, 

- Sois therangentof PS 7 © © 10438.9241 yo 


Tothe tangent ofR'S- 67 7 13; 103746915; wy 


ld, e 
Secondly, 4 lon, 

Logar. Jdiſtar 

As the tangent of RZP 49g9i51' 34's 9925.97 42Miticall,] 
Is to the tang. of RSP 30. 24 7 9768.4473 ÞS ac 
Sois the fineof SR 67 7 133 9964-4123 Wreef! 
To. the fine of ZR 27 7 133 @9658.8337 + 
Therefoxe ZS Jo © o 3 


ter, Oo! 
in © ee 
468 CU 
IEIC 
Mon 


eltre 


Note that when the perpendicular fals within the trial 
ſumme of the baſes of the two right angled triangles #1 
ſought ; but when tt fals without, the diffence of themes | 
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Þ The explanation and making of the fundamentall Scheme, 


\ a7 His Scheme repreſenteth to the eye the true 
©=W and naturall ſituation of thoſe circles of rhe 
e)* Sphere, whereof wee ſhall have ule in the de- 
@s ſcription of ſuch ſorts of Dials, as any flat or 
m plane is capable of : It is therefore neceſlary, 
. firſt to explane the ſame, and the making there- 
that the Symetry of the Scheme with the Globe being well 
Werſtood, therepreſentation of every plane therein may bee 
FEbetter conceived, 
"Suppoſe therefore, that the Globe elevated to the heighth of 
& Pole, beeprefſed flardowne into the plane of the Horizon, 
n will the outward circle or limbe of this Scheme NES W 
eſent that Horizon, and all the circles contained in the up- 
F Hemiſphere of the Globe may be artificially contrived and 
0 Þreſented thereon, as are Azimnthes, Almicanters, Meridi- 
7h , Paralels, Equator, Ecliptick, Tropicks, and circles of Poſt- 
41 Þ-&c. whichare thus diſtinguiſhed in the Diagram, 
Let Z be the Zenith of thepiace, and center of the horizon- | 
1 WcircleNESW,letN Z S be the Meridian, Þ the Pole of the 
[d, elevated above the north part of the Horizon N, here at 
won, 514, 32, the complement whereof is P Z 38*. 28', 
Fdiſtance between the Pole and the Zenith,E ZW theprime . 
2 tical, DZ G and CZ Y any other intermediate Azimuthes, - 
2 5 acircle of Poſition, EK W the Equator, the diſtance 
3 F-cot from Z is equall to P N the hergth of the Pole, orfrom 
i llto P Z the complement thereof; » B Q 7 the Tropick 
W=alell of >, p Fe the Tropick of 22, and BR Q an Almi- 
F* or paralell to the Horizon : Thereſt of the circles inter- 
-o"$eactiother in the point Pare the Meridians or houre- 
; 4, ting thehorizon and other circles of this Diagram fo 
<2 eScheme, as they do in the Globe it ſelfe. 
" F-=ongſt theſe, the Azimuthes only in this projection be- 
blireight lines, all thereſt remaine circles, and are greater 
or 


A 
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or leſſer according to their naturall ſituation in the Glohe, 
the ſtreightlinesare repreſented all ereRt planes, whether, 
or GER Sy the greatcircles,all the reſt, both jacent, 
ing, and declining reclining, which for more plainneſk 
may thus particularly be deſcribed. 
E Z W the prime verticall, or Azimuth of Eaſt and} 
repreſenteth all South and North planes, which are pc 
cular to the Horizon, and crofſe the Meridian at right z 
N Z S the Meridian or Azimurh of South and North, rex 
ethall Eaſtand Weſt planes, which are perpendicular 
Horizon, as the former, and cut the prime verticallatry 
gles; D Z Gan Azimuth lying between theſe cardinall 
repreſenteth any declining plane, which is alſo perpent 
to the Horizon, but cutteth the Meridian at oblique ang 
whence the Poles and axis ofthe plane C Z V deviateth 
_ astheplane itſelfe D Z G declineth from the prime we 
and theſebe all the varieties of ereCt planes. 
There are furthermore three ſorts of reclining andin 
planes, and they are either North and South reclining, 
and Weſt reclining, or declining reclining. . 
The firſt ſort is repreſented by the Equator, or prie 
EK W, which cutteth the Meridian at right angles, b 
neth from the Zenith 5 1.4. 32', equall to the latitude 
place, and.lying open to the North, and the Poles there 
North part of the Meridian, is therefore called a Non 
ning 51 4. 32' from Z to K, and ſnppoſe this circlebe 
ned over, to fall between N and Z, it thenrepreſentet 
reclining as much. The ſecond ſort is repreſented by 
of poſition, or prickt circle NOS, which cutterh the 

ticall-at right angles, but reclineth from the Zenith 49*. 
. Ing open to the Sunne-riſe, and the Poles thereofit 
part of the prime verticall, is therefore called an Ealt 
404, from ZtoO, and ſuppoſe this circle being turned: 
fall non Z and E, it then repreſenteth a Welt re 
- .much. | 

The thirdſort is repreſented be the prickt circle DA 
cutting C ZV the Azimuth and axis of the plane D 26 
angles in A, is oblique to all the reſt of the circles,08F 
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from the Zenith 35 d. and lying open to the Northas th... 
mer, and the Poles thereof in the Northern part of the he 
the Azimuth paſling by the Poles of the plane CV, ded by 
 30d.fromN ands, ts.C and V, and ſuppoſe this circle Wire 
turned over, to. fall between C and Z, it then repreſenihex 
The inclining planes of all forts are but the oppoſite | 
the reclining, being the ſame counted from the zenith8 
or their complements, reckoned from the Horizon, and 
preſented by the very ſame circles, the reclination andinfiiat 
tion of both being arches of the ſame Azimuth, paſſing ils, 
Poles of theplane, comprehended betwixt the Zenitho 
_ dire, and Z A forthe North declining, fo that wha 
ſhall be ſayd of the one, may alſo be underſtood of thee 
ſpeively. The jacent plane or horizontall is repreleah 
Laſtly, the circles croſſing each other in the pointiiſ 
continued to the horizon, art the Meridians or houre-t 
ſuing from the North Pole, and properly interſeQing th 
you deale with South planes, you may turne the Schent 
and ſuppoſe P to bee the South Pole, and E Z W to bez! 
plane, which before was a North, or elſe invert the orc 
will ſerve the turne as it ſtands, 
The making of this Scheme is eaſe ; take £0d. of 8 
chord AB, and with thatſemidiameter draw the circle 
that done, ſeeke the place of the Pole at P, thorow Wl 
honre-circles muſt paſſe ; tlie EquinoQiall potntatK,® 
picks at : and F, the reclining circle ar O, and thedec 
nith or horizon. - The Zenith in the materiall Sphere 
of the Horizon, and Z in the Scheme is the wnter of 
repreſenting the ſame, from which point the diſtance 


is therefore called a North reclining 35 d.' from Z to Aj Hal 

Southreclining declining as much, Sac 
Z 
oh [' 

, a ec 
and the plane, asis Z K for the North dire, Z Ofort 

the limb or outward circle of the SchemeNESW, 

ſides of theplanes E Z W and D-Z G, whenſoever tf. 

ſides and houres, taking the Eaſt fidefor the Weft, & 

crofſe itar rightangles in Z, with the lines N Z S, and 

cliniggat A ; all which may bee found with reſpe&t! 

circle being given both wayes, as itlyeth an the ſphc% 
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onthe azimuth, or ſtreight line of the Schem proper there= 

neo, you may by helpe of the naturall tangents of halfe theif 
hes give three points to draw each circle by ; but if the na- 

Fo ents of both diſtances from the Zenithbee added to- 
beth > He balfe thereof ſhall bee the ſemidiameters of thoſe 
eWirdesdefired. The reaſon why the naturall tangents of halfe 
the aches are here taken, which ſeldome comein uſe, may bee 
Trade plaine by this diagram, wherein making E Z the radius, 
Nisa tangentline thereunto, upon which if you will pro- 

& the whole ſemicircle S W N, it is manifeſt by the worke, 

at every part of the lines Z N, or Z S,can beeno morebut the 
uVvent ofhalfe the arch deſired, becauſe the whole line Z N, or 
C$,being the tangent of 45 d.but halfe ofthe quadrant is equall 
the Radius Z Ethe ſine of the whole quadrant: but afurther 
 Faſon may be givenout of the 5 3 of the 1 of P:t5ſc:,or the 20 
Fthe 3 bo, of Exc/id, where it is proved, that all angles inthe 
 ofircumferenceare but halfe the angles inthe center, and there- 
re W E A but halfe the angle of W Z A, and W E Bbuthalke 
ZB ; if then E Z of the fundamentall Schem bee Radius 


noo, Z P ſhall bee 349 the naturall tangent of 199, 14 the 
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halfe of 384. 28', the diſtance betweenthe North Pols andre & 
Zenith, in our latitude of 5 1 d. Dads K ſhall be 4% thilnidi 
turall tangent of 25 d, 46' the halfe of 514. 32' the dif 
berween the Zenith and Equino&iall,equall to the heigthi) 
Pole ; in like manner Z # will be 2+9 the naturall tangWthe: 
144, 0:3,Z F willbe 765 the naturall rangent of 37d. 16Mefec 
willbe 354, the naturall tangent of 20 d. ©, and Z A 21 thilfcles 
rurall tangent of 1 7 d. 30' halfe the arch ofeach circles dilÞatcin 
from the Zenith. _—_ found theſe points on the one Wat! 
the Zenich, you muſt ſteke the oppoſites to them on the hs 


dl 


- fide which in all great circles,as are E P W,E K W,9Wp, 


and D A Gare the complements of the former to 99d, wif | 
fore the diſtance berween the Zenith and the North PoleWFc77; 
349 the naturall tangent of 19d. 14 balfe the arch of 33 4,;., 
the diſtance berweenthe zenith and the South Pole ſhilfs,;;:1 
2365, the naturall tangent of go d. 46, the cu———_ 
former ; halfe the arch between the zenith and South Pol 
being 90d. and the South Pole 5 14. 32' under the 
adde theſe two tangents together, and you have the whiff 
ameter of that circle 3215 the halfe whereof is x 607, that 
radius andneere 51 hundred parts of another, is the ſemi 
terordiſtance of the center Lfrom the Pole P, to which 
open the compaſſes,and ſet off the diſtance P L either byi 
theline A 10, B 10, equall to the radius Z E, divided 9 
genall lines into 100 parts, (as inthe x Chapt.) or by tit 
ofa ſefor, opened to the width of Z E, and therewit "<1 
thecircleW PE, for the ſix of clock houre. Thus may; 
the North and. South diſtance of the Equator from the: 
finde the ſemidiameter of the circle to bee Kd 1277, al 
center thereofatd. In like manner the ſemidiamererd 
clining circle NOS to befo 1555, and the center 
the ſemidiameter of the declining reclining circle DA G 
Ag, and the center thereof at g, and ſo may any other 
cle whatſoever be drawn, * 

' Now as yot have found the ſemidiameters of theſe dl 
their diſtances from the zenith, ſo may you alſo finde fl 
cheir inclinations to the horizon : for ſeeing the narpral 
of any arch, and halfe the complement thereof to god. 
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e equallboth to the ſecant of the ſaid arch, and allo to the 
xidiameter of the circle defired, by the 30 of 5 b, of Finkzas, 
»,Rotnds, you may eafily prepare a table, (as inthis cxam- 
) wherein'the {ecants themſelves of each circles inclination 


| the horizon, are the ſemidiameters ſought for ; ſo ſhall 1 507 


- 


fecantof 5 1 d. 32', the inclinationof the fix of clock houre- 


þ« 
| 


letothe horizon,be the ſemidiameter LP,by which todraw 
circle W PE; and 1277 the ſecant of 38d. 28', the inclina- 
ofthe Equator to thehorizon, ſhall bee the ſemidiamerer 


q * by which to draw the circle W K E, and fo of all great cir- 
3p, but not of the ſmaller, 


4 


Mmclinarq The | Their | The {e- | 
to the | arches. | Secants, | midia- 


horizon ay 


| PN [| 514,32'f 1697 
38 28 | 1277 
5o o | 1555 
55 © | 1743 
6159 | 2129 
14 57 | 1935 


Sf The Tropick of S is diſtant from the zenith on the South 
W* 289. x), the halfe thereof is 14d. o'5, the naturall tangent 
tereqf 249 being ſet from Z to t, giveth the point : in the 
ridian, by which that paralell muſt paſſe; on the North ſide it 
Want Z N 90g. and under the horizon 14d. 57' more, the 


nolediſtance is 104d. 57', the halfe whereof is 52d. 29'?, 


Lthe naturall tangent thereof 1302, added to the former tan- 


9" 249, giveth the whole diameter of that circle 1 551, whoſe 


pb we 
' 


27% is the ſemidiameter e R deſired, and R the center to 


what circle by. Thus may you finde the naturall tangent 
LFfor 3 to bee 768 onthe South ſide, and on the North ſide 


, ©, therefore the whole diameter 4768, and the halfe thereof 


2 lemidiameter Fl, by which todraw the Tropick of 2 
3 


BR may any other paralell be likewiſe drawn. The 


repreſenteth an almicanter of 35 d, above the ho- 
F 4 rizoOn, 
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rizon, therefore 5 5 d. from the zenith, whole halfe is 24 

and the naturall tangent thereof 529, which taken of the (lf, 

or line dividedas aforeſaid, giveth the length of Z B, g 

theſemidiameter of the almicanter deſfired; The ftreig 

CZ A, or D ZG, are put upon the limb, by help ofthe; 

30 d.diſtantfrom the cordinall points NE S W and mult, 

each other at right angles in Z, repreſenting two aziay 

quidiftant from the Meridian and prime verticall. 

Laſt of all, the houre-circlesare thus to be drawn ; fi 

the center of theſix of clock houre circle as formerly dir 
whoſe diſtance from P or E will alwayes bee the ſecan 

heigth of the Pole, making ZE the radius, and is found ah 

on the meridian linecontinued by ſetting the ſecantof 51h 

fromP to L, which crofle at right angles in L, with thilmall 
- $ L4, extended fafre enough toſervethe turne ; makePq A 

radius, then ſhall $ L 4 bea tangent line thereunto, and 

turall tangents of the Wy. 706 chi arches, viz, of 

15 d. of 577 for 30d, of 1900for 45 d, of 1732 for 60,] 


' 37:2for 75 d, {etboth ayes from to 5 and 7, 4nd 


This Demonſtration 
Treceived from m 
worthy friend, the 
fawoy Mathemats- 
Cray of our time, 


Ar. Henry Briggs, 
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ethetrue centers of thoſe honre circles, and the ſecants of 
5for 15 d, of 1155 for 30d, andof 1414 for 45 d, &c. equall 

*& 5 2,42, &c. ſhall bee the ſemidiameters of the houre circles 
tYefire& as by this demonſtration may appeare. Letthe inſtance 
:W-inthe ſecond houre from ſix C D P E, whoſe center will bee 
«nd two hoares diſtantfrom 12; make ÞP A the radius, then 

all AB be a tangent line thereunto, and 577 the naturall tan- 
atof 30d. ſet from the point A, ſhall give the center at B, 
md BP 1155 the ſecant of 30 d.ſhall be the ſemidiameter of the 
nSrcleCDP E. To prove this, the center muſt of neceſſity be 
thelineD Z B, becauſe it is perpendicular to the ſubtenſe of 

Wat houre circle CZ E, fuppoſe in B, then muſt B C, BP, 
Md B E be equall, which cannot be denied, if their ſquares bee 
mall, but the ſquare of BE is equall to the ſquares of E Z, ZA, 
Wd AB, and the ſquare of B P 1s equall to the ſquaresof F Z, 
A, and AB, becauſe A F, and AP, are equall : laſtly, Z E,and 

F, arealſo equall, therefore the ſquares of BE, and BP, and 

, Wy the ſamereaſon of B C, which was to be proved, and conſe- 
iWently the point B the true center, and B P the ſemidiamerer, 
y which to draw the periphery CD PE, the houre defired. 
enigthe fines,and circles thereof,being thus made plaine, 

7e now cometo the Artof Dialling it ſelfe, which is firſt con- 


ted into a few generall rules, and then the particulars hand- 
atlarge, > TR 


\" N 


Crap. V. TY 
Wn 4bftraf? of the Art of D yalling, by which briefe view of th 
Al errralPlanesgand what is requiſite in every of them,the reſt of 
os | the works better underſtood, and more eaſily performed, 


SAGA LL greatcircles of the Sphere projefed upon 
BA \&© any plane howfoevtr ſituated, become eight 
{] &/& lines, which are the common ſeRions of the cir- 
69d \&a cles and the plane, (as Clavims inthe 11 ofhs . 
om firſt booke of Gnomonices demonſtrateth) from 
TS © "© whence itfolloweth, that the houre lines of q- 
ey Dyall, ( being great circles of the Sphere) drawn upon 
| | ct 


” 
' 
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any ſuper ficies, muſt therefore be ſtreight lines alfo;/ &,,, th 
ow the Art of Dialling conſiſteth in the artificiall fniſh@r.; 
ont of theſe lines, and their diſtances each from other, wi 
continually vary, according to the ſituation of the plane 
which they areprojected. 


Cx, Paralell to the horizon, as is the horizontal oj 


2, Perpendicular. North and Sou 
1 gt the horizon, Ry and _ 
.  } as arealleret-* -VEaſtand Weſt, 
. Of theſe | planes, which on 

lanes | eitherbe Or declining. 


arebut? Le. '. cRediningand inclin 
= _, gr erat fDire& YNorth and South, "Fine 
e 


| ? | planes - aa. 
cling fron "as JReclini and inclini 


Or declining reclining and Kh 
©. ning planes, _ 


Tocontrive the houre lines upon theſe ſeverall plariey, F 
are certain ſphericall arches, and angles of great circles, it 
ber fix, which muſt of neceſſity beeknown, and diversd 
axe inſome Caſes given,inothers theyare ſought, ©... 

. I The firſt isagarchot the horizon: berwixt the ma," 
_ andazinutth, paſſing by tho poles ofthe plane, whichiahſh" 
clination, asS D, or N C, in go Schemes, Chap.1 517,18 W 

2 Theſecondis an arch of agreatcircle, perpendiculany ©» 
plane, comprehended berwixt the zenith and the plane! 
xthereclination, as ZH, ZG, and Z E, in the greater 
Chap. 15, and theſe two areuſually given,; ſo oft as thaFP*arc 
m:queſtion, or may be found by the rules of the 10 Cite 

. 3 Thethirdis an arch of the plane, berwixt the meridly 2 1 
& the horizon, preſcribing thediftance ofthe x 2 of clock Fe we 
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i. nn asP.B, and OB, in the leſfer Schemes, 
o©er3 5, and I 6. # | 
| 4 ay irth is an arch of the plane, berwixt the meridian 
ihefabſtile, which limits the diſtance thereoffrom the x 2 
Felockhoure line, as O R in the {maller Schemes of the x 6, r 7 
id 19 Chap, aforeſaid. 
[© 5 Thefiftisan arch of the great cigele, perpendicular tothe 
Y:ne, comprehended berwixt the pole of the world, and the 
ane commonly called rhe heigth of theſtile, as P R in theſayd 
memes. | 
6 Thelaſt is an angle ar the pole, berwixt the two meridi- 
,theone of the place, the other ofthe plane, (taking the ſub- 
feia the common ſenſe for the meridian of the plane) as is 
BPO, in the diagrams of the Chap. 16 and 17, 
Firſt ſort horizontal, | 
Fn the firſt ſort of theſe planes, there is nothing required,bur 
Search of the meridian, betwixt the pole and the plane, which 
the heigth of the pole jit ſelfe above the horizon, and is al- 
- Mayes given, as P N in the Schem, Chap. 6. 


Sec ond ſort Eaſt and Weſt. 


8 1n the ſecond fort of planes, the dire& Eaſt and Weſt have 
\PÞpdle elevated, nor any of theſe arches neceſlarily required, 
'Wtthehourelines ning paralels, arecontraced, and enlarged 


nm the length of theſtile, | 
North and South, 
In the North and South planes, the arch of the meridian be- 
'xt the poleand the plane, is the complement oftheformer, 
 vixt thepole and the horizon, which is therefore given, as 
8 in the former Schem of the 6 Chap, and the arch of the ho» 
198-9" detwixt the meridian and the plane," is awayes god, as 
 W,orSE, in the Schem aforeſaid. 


Decliners. 
oF Butin ere decliners, three things are to be ſought, beſides 
heſPcarch of the horizon, betwixt the meridian and the poles of 
P* plane, which is the declination, andis uſually given, 
a 7 The firſt is the arch of the great circle betwixt the pole of 
c{ FE World and the plane, commonly called the heigrh he” = 
| tie, 
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Nile, as PR in theſchem, Chap. 10, andis thus found, 

As the whole fine Z $ inthe ſame ſchem, | 

Is to the coſine of the declination $ G, But 

So # the coſine of the elevation Z P. 
To the fine of the heigth of the file P R, by the 1 of the rigors 

_  R,S, Triangles, 0 

2 Theſecondis the aygh of the plane betwixt the me 

and the ſabſtile, as Z R in the ſame ſchem. 

. es the cotangent of the declination $ E, 

7s to the tangent of the hejgth of the ſtile PR, 

\ $o#s the whole "ug GZ, 

To the fine of the arch of the plane R Z, the diſtance of t| 
dian and ſubftile, by the ſecond of the fourth caſe of R, 
angles. 

: The thirdis the angle betwixt the two meridian 
one of the place, the other of the plane, asZ P R in tie 
ſchem. | ; 

As the coſine of the elevation PZ, 

Ts to the fineof god, PRZ, | 

"Sou the fine of the arch of the plane betrwixt the ſubſtile 4 
ridiauRZ, 

To the fine of the angle at the pole betwsxt the two mn.” 
Z P R, by the ſecond of the fifteenth caſe of R. $, Triay 


| . Thad fort, 

In the third ſort of planes, the dire& reclining Net 
Sonth, have the arch of the horizon betwixt the meril 
the plane, and thearchof the plane betwixt the merid 


horizon, alwayes go d.asis SE, or NW, and A E,0t! Z 
the ſchem Chap. 1 3. and the inclination of the plane toll the { 
rizon NEA, or the reclination thereof from the zenith he 

ors 


is uſually given, only the arch of the meridian betwixt® 
and the plane is ſought for. 


| South rechners. © | 

Theſame in South recliners is found by ſubtraRing W 
nationoutaf the complement of the elevation, when 
(as Z C outof Z P,)or the complement of the eclevat 
of it, (as Z P out of Z A,) when itreclines more thantic 
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. North recliners, 
Butin North recliners how farre ſoever, adde the comple- 
\ent of the elevation to the reclination, (as P Z to Z F) the 
recite under 90 d, or the complement thereof to 1 80d. a- 
wegod. is the heigth of the pole deſired. 
| Eaſt and Weſt reclining, 

IndireR reclining Eaſt and Weſt, the arch of the horizon 
ewixt the meridian and the plane, is alwayes 180 d. as is 
WN,or NE S in the ſchem Chap. 1 2. andthe angle of incli- 
tion of the plane to the horizon W NO, or the reclination 
ereof from the zenith, which is an arch of the prime verrticall 
0, isnſually given, therefore we ſeeke, 

1 The arch of the great circle,betwixt the poie of the world 
d the plane, which 1s the heigth of the ſtile P R in the ſchem 
oreſa d, / - 

s the 44 fneNZ, 

to the fine of the elevation IN P, 

p & the ſine of the reclinationZO, © 

o the ſine of the heigth of the ſtile Þ R, by the firſt of the firſt 

Caſeof R.S. Triangles, 
© 2 The archof the plane betwixt the meridian and the ſub- 
Wile, 28 1S N R in the ſchem aforelayd. 

"Ws the tangent of the reclination 20, 
F £0 the tangent of the heigth of the ſtile P R, 
=” i the whole fine O N, 
ans the fre of the arch of the diſtance o f the [ubſtile from the me- 
duly 11d5ay R IN, by the ſecoud of the fourth caſt of R S.T riangles. 
3 The angle betwixt thetwo meridians, which is RP N 
the ſaid ſchem. - 
the ſine of the arch of the meridian betwixt the pole and the 
8 brizonP N, 

$to the fine ofgod PRN, 


0 &the ſine of the arch of the plane betwixt the ſubſtile and the 
meridian R N, 


0 the ſine of the angle at the pole betwixt the two meridians 
RPN,b 7 the ſecond of the fifteenth caſe of R,S.Triangles. 
| eclnmng reclining, 
Indetlining reclining planes let the arch of the horizon be- 
Eb twixt. 
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ewixt the meridian and the poles of the plane, S Dandy #7 
or N D and SjC whichis the declination, and the arch F< 
great circle, perpendicular to the plane, betwixt the zenith IM 
theplaneZ G,Z H,or Z F, whichis the reclination, (an 
fnaller ſchemes, Chap. 15, 16, and 17.) bee alwayesgj 
then muſt the other arches and angle be ſought. ; 
x Thearch of the plane betwixt the meridian and horn -*: 
PB, and OB, in the ſchemes aforeſaid, and eL e,and 40, 
the {ſmaller ſchemes, Chap, 1 8, 1 9, 20. i F 
es the whole fine Z C in the South, and Z D inthe Non 
cliners, 3" 
7 tothe tangent of the declination C'S, or C Nin South, and) 
8» North, 6 | 
So is the ſine of the veclinationZ G,Z H,or Z F inboth, © 
To the tangent of GP andGe, HO or FO inboth, whoſe 
plements P BandOB, eAeand AO are the arches dt 
by the firſt of the fift caſe of R.S. Triangles. 
Polar decliners, and Equinottiall decliners, 


2 Thearchof the meridian betwixt the zenith and the plu, 


which in polar wrong planes paſſe by the interſe 


ofthe equator and meridian) is equall to the a” of theplt 4... 
and in equinotiall decliners (whoſe planes pafle by che put © 
of the world) is the complement thereof, as is Z e "che 
_ inthe leſſer ichem Chap, 15, in all the reſt it vg... 
As the coſine of the declinationS B and N B in the South, or ie te 
inthe North decliners, | FG 
Ts to the ſine of the arch of the plane betwixt the meridian ant Tt; 
rizon O Bore AOinboth, 
So us the fine of the reclination Z Hor Z F in both, =_ 
T the fine of the arch of the meridian herwixt the zenith al, 
plane Z O in both,by the fifteenth of the fourth of Regjomoliiey. 
or the ſecond of the fourteenth of Finkius. 4 
AddeZ Oto Z P in North decliners, and take Z O oft 
ZP,or Z Pout of Z O(when there is cauſe) in South declindſhy; 
and there remainesP O in them all, the arch of the merida; 
betwixt the pole pt the world and the plane. .T#< 
3 Thearchof the greatcircle berwixt the pole and thepumr”- 
| comma” 


| The Artof SHADOvyES: or 
vmmonly called the heigth of the tile, as is P Rin theformer 
# Ghemes, which in equinoQtalldecliners is paralell to the, axis, 
Sithe reſt is thus found. | 
| Lrthe fine of the arch of the plane betwixt the meridian and ha- 
7” izon O B inthe South, and A « and A O in North decliners, 
T; tothe as of the declination B NandB $ in South ,or AS 


| in North declanere, : 
$0 is the fine of the arch of the meridian betwixt the pole and the 
'P. par) P,and « P in both, | 
& To the fine of the heigth of the ſtile P Rin both, by the fifteenth of 
the fourth booke of Regiomont. or theſecond of the fexrteentls 
of Finkius, | | | 
, Thearch of the plane betwixt the meridian and the ſabe 
Þ& file, $0 Rand & R inthe former ſchemes, which in polar des 
| diners isalwayes 90 d. and in equinoQtiall decliners isalwayes 
| to theangle, between the two meridians, is thus found. 
As the whole ſine, , 
I; to the ſine of the latitude, | 
Þ 59 the tangent of the declination, 
al 1 othe tangent of the angle between the two meridians, 
"F loallthereſt thus, 
OY 4ithe cotangent of the declination B N and B S in the South, 
"* re1Sinthe North, 
l ſito the tangent of the heigth of the ſtile R P inboth, 
Jos thecofine of the arch of the meridian betwixt the zenith and 
K. -theplaneNO,or$O, and $ einbotb, 
Piothe fine of the arch of the plane betwixt the meridian and ſub- 
| «a 0 and R 4inboth, bythe thirteenth of the fourteenth of 
-Finkius, 


F 5 The angle betwixt the two meridians O P R in the fore- 

Schemes, is found by this one generallrule in all kindes. 
be fine of the arch of the meridian betwixt the pole and the 
"I ene P O ard Pe, 

tbe ſine of god, P RO,andP Re, 
"Is the fine of the arch of the plane betwixt the ſubſtile and me- 


7 


WimOR, andeR, | 


- 


ve fine of the angle betws:xt the two meridians O P R, by the 
nl | | | aud ſecond of the fifteenth caſe of R * Triangles, 


Theſe 


1401" 
pf o p , 
3 
Wo 
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Theſe things being found, .the houre lines for all kind&e 
planes are calculated by theſe two Canons : * | ous 
Thefirſt for all paralell heure lines, is the ſecond caſe fifiaaric 
plane Trian .. X th, 
As the Radin, Li. 
Ts to the length of the ſtile in any kyown parts, - vent 
So i; the tangent of each houres equinottiall diflance fromthiſud 
file | 
To the ſame hogres diſtance upon the equinstiall in part: of ye 
file, F kf 


 Theſecond ſerves for all the reſt, which is the firſt of 
fift caſe of R.S, Triangles. __ 
At the whole fine, © DEITY i x 
Ts to the fone of the heigth of the pole above the pom She col 
So # the tangent of each hoares diſtance from the ſubſtile 
____ » equinottiall, t - > 

To the tangtnt of the ſame houres diſtance from the ſubſtil 


WHIEMYL 
Ef 
Þ 
F . 


the plane. L 

Thus have youfor more readinefſe ſake the whole dottiful 
of Dialling contradted into a ſheet of paper. kk 

I now come to the making of the particular Dials, inn 
ber 25, as Wittakindus and others following him haven 
_nedthem, which C/avi*s in the ſecond Chapter of his G 
zices reduceth to 17, denominating the planes and Duls! 
nine great circles of the Sphere, to which they are parelel, 
. allowing to every plane two faces, except the horizontall; 
becaufe the Diall oteach face of every plane is one and thelu 
(by which reaſon there ſhould bee but nine ſorts of Dials) 
that the divers ſituation of the ſame kinde of planes enfvt 
a differing projeCtion of the houre lines, as they are right} 
* lique, or paralellto the axis of the world, Iretaine thenut 
but take liberty to depart fromthe divifion, And further,l 
nominate each Diall and plane from the ſite of the axis, a 
ſpe of the poles thereof, it being moſt agreeable in all (bn 
horizontall)to the vulgar names,by'which they are belt kn 
but.chiefly becauſe I finde that C/avizs in the abovelad Un” 
ter is forced (for mote plaineſſe ſake) to do the ſame, wins - 
fides the paralelliſme of each plane, deſcribeth the erties 


i --1 


_ 
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owe 
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the fite of their poles, the-inclining planes by their.rectinati- 
EX and thedeclining inclining by the fite of the poles and re- 
Lition, ſo bee calleth that plane whoſe face reſpe&eth-the 
Tab, but deviateth from the prime verticall Northward, a 
Sathdeclining Eaſt, which is the true ſituation of the pole 
Keredf, whereas it is manifeſt, that the plane it ſelfe declineth 
auch from the Eaſt Northerly, as the pole doth-from the 
Kath Eaſterly,ſo he calleth inclining to the horizon, that which 
beRteth the. zenith, and the South or North parts,whereas all 
clinations ooke down to the Nadir, and the reclining part 
(Wthenlaheup to the zenith, wherefore I call the horizonrtall, 
4 Go +icauſe the pole thereof lieth in the vertix, or zenith of 


bh 


Seplate; the verticals I call South and North dire, becauſe 
Sepoles of the plane lie in the South and North part of the ho. 
Won ; themeridian plane I call Eaſt and Welt direc, becauſe 

Se poles thereof lie in the Eaſt and Welt partof the horizon; 

:olfie equinoRiall I call polar, becauſe the poles of that plane lic 

"Fithe poles of the world ; and the polar I call equinoQiall, be- 

uſe the poles thereof lic in the equinoRtall, and fo of the reſt, 

-Jaſtly, Icall allplanes whoſe apper faces reſpe the zenith, re- 

niners, and only their oppoſites incliners, whoſe nether faces 

mpordownto the Nadir, 


y | The names and number of the Dials, areas followeth. 


ll 


; 
ls 
ny 
cu'2 South and North dirett. 
$) 3 Eaft and Weſt dirett. 
es South and North declining Eaſt or Weſt. 
ht, 8'5 Eaſt and Weſt direft reclining or inclining, 
Jun '6 Equinefliall or South reclinty &, or inclining to the pole, 
er, 10907 Sonth diet? reclining, or inclining leſſe "08 PA, 

l 8 South dirett reclintng or inclining more c OPERON POOY, 


1 Vertical, or Horizontal, 


u"9 Polar, or North reclinty 0, 0r inclining to the equator, 
noe Norch dirett reclining, or inclining leſſe 2 than the 
d m_ North dire& reclining, or inclinin 0 10re \, equator, 
wing Equinofial, or South declining Eaſt or Weſt, reclining or 
RD. Inclining tothe pole, | 
p G x3 South 
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13 are ning Eaft or Weſt, reclining or inclinin 
the pole, | 
14 $ oweh declining B aſt or Weſt, reclining or inclining 
the pole. 
15 Polar, or North declining Eaft or Weſt, reclining 
clining to the mnter/eftion of the meridian and t; 
16 North declining Eaſt or Weſt, reclining or inclixing 
the interſeft0n of the meridian and equator, 
| 17 North declining Eaſt or Weſt, reclining or inclinin 
be \ ' the interſeftion of the meridian and equator, 
* Norte thatin the making the particular Dials, I do ſony 
3 differ from theſe generall Canons, for varieties ſake, 


es. 


Crare. VI. 


To draw the houre lines upon the verticall, commonly cal, 
horizontall plane, the elevation of the pole being given, 


won exe His plane, in reſpect of the poles thereof, 
== lic1n the vertex and nadir of the place, i 
&> called verticall ; in reſpe& ofthe planeit 
PAIRS which is paralell to the horizon, horix 
mos Cain Howſoever it betermed, the makingd}- | 
SW © Diall is theſame, in which. firſt ſort (an 
.eth by the abſtraR) there is but only one arch of the na} / 
betwixt the pole of the world and the plane required to 
tificiall projecting the houre lines upon the ſame, whidlh 
the heigth of the pole above the horizon (equall to thehel 
the ſtile above the plane) isalwayes given, by thehelp wif 
we may preſently proceed to calculate the true houre dil 
in manner following. « | 
| The Demonſtration. Y 
In this particular ſchem adjoyning, which is ſo muciF 
fundamenrcallſchem as is pertinent to this purpoſe, let Ni 
be the horizon, N Z S the meridian, E Z W the prime FF 
E z W theequator, P the North pole, and Z the 2 "| 


" F- 
F: - 
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EN SITT 


% Te circles croſſing at Þ,fall u 
% : --2, 2, &c, limitin 
« A $1941; - 23» 
E Z ' ' Tathe meridianuponthe p 
a > r7OT N1i,N 10, N 9, Kc 
a Pt þ 1,SP 10, SP 9,0r their 


SH cusbefound. Becauſe ex 

you may begin with wh 
resdiſtance either by the ſt 
rantall A Þ 1 1, (ſuppoſing 
nued, till they crofle eaciy 
theverticall triangles P 1 
intheichem, ſuch is the v: 
all calculation in the triangle 

heigth of the pole abovett 
atP isgiven; one houres dil 
alurein theequinoQuall A x 
or Aisalwayes 9o d. where 
e of rightangled S. triangle 


% : | P | * JWfthefineof PN 11 
As x | 
bo | SS to the tangent of the angle 
# the fine of the ſide P N 
the tangent of the fide N 11 
( 


Runner mg; b. 
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Or againe, you may finde t 
Woles er, NP 11,and 
_ Wietheir like ſides proportior 


Was the fine of P e 


tothe fine of Þ N 5 
W# the tangent of e11 — I 


"the tangent of N 11 I 


WF oecke in the Canon at the « 
21.79 Logar. and you ſhal 
19,5 1' forthe firſt hou 
$of the meridian, and thus 


” 

+4 

| | 
' 


om nenremeeuauagy 


\ 


LA \ 
- 
- 
- 
- 
- 
- 
- 
- 


TT TTL 


Sppoen 
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TT Theartof SmaDovves:. 75 
Toe tircles treſling at P,fall upon the horizon at the ointsp fo 
$10,951; 25 3» <4 limiting the diſtance of each houre line 
" Wothe meridianupon-the plane, according to the arches of 
Son N1t,N 10, N 9, &c. which by the ſeverall triangles 
11,SP 10, SPg,or their verticals NP 11, NP1o0,NPg, 
thus befound. Becauſe every quarter of the horizontall is 
,you may begin with which you will, and reſolve each 
adiltance cither by the ſmall triangleNP x1, or by the 
ancall A Þ 1 1, (ſuppoſing the equator and meridian to be 
mined, till they crofle each other at A, without the limb) or 
theverticall triangleszP 11, andNP 11, togetheras they 
WM intheichem, ſuch is the variety of triangles, The arithme- 
Mallcaulation in the triangle Þ N r 1. The {ide PN is given, 
We heigth of the pole above the horizon, 51d. 32', and the an- 
Scat? isgiven; one houres diſtance from the meridian, whoſe 
Sncareintheequinodtiall A x 1, is 15 d, andtheright angle ar 
Wor Aisalwayes 90 d. whereforeby the firſt yariety of the fift - 
Fc of rightangled S. triangles, 
Log. 
theFine of P.N 11 gol.o' Mrs 
Ir tothe tangent of the angle N P 11 I5 © 9428.05 
outhe fine of the ſide P N FI 32 9893.74 
Totherangent of the fide IN 1 1 I151' 49321,79 
( 


FF Oragaine, you may finde the amearch by help of both tri. 
_ Hole pr, NP x11,andzP 11, becauſc they be verticall, 
ptheir like ſides proportionall. 


_ Log, 

Ws the ins of Þ e H0*, & 10000,00 

$f ie fre of Þ N 51.33 ' 9893.74 
us the tangent of eit. - 15 © 9428.05 

Wie rangenrof Nix 11 51 49321,79 


F 
= 
4 


K*G%eintbe Canon at the end of the booke for the tangent, 
291-79 Logar. and you ſhall findethe arch anſwerable there- 

"$929. 51'for the firſt houres diſtance oft t,, arid 11, on each 8 
\ F&ofthe meridian, and thus m__ you in all reſþe&s finde the ./* * 
+ w » 2 
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diſtance of 2 and 10 of clock, by reſolving the triangle Ws ;z; 
by the ſame caſe, and of 3 and 9 of clock, by reſolving Wi, 

. angle NP9, and ſo of the reſt, wherein as the angleatd;- 
creaſeth, which for two houres is 30d, for 3 houres 45 
houres 60 d, and for 5 houres. 75 d, ſo will the archesof 
rizonN 10,N 9,N 8, and N 7, proportionally vary, a 
each houres true diſtance from the meridian, which is thi 

- deſired, and becauſe every 6 houres is 90 d, diſtance up 
equinotiall each from other, you may at the ſame we 
11and5,1oand 4,9 and 3,8 and 2, & 7 and 1-of cloel 
addition, and ſubtraQion,or. two additions at the moſ}, 
will ſomewhat alſo ſhorten the work, as 1n this examj 
appeare. 

h Log,' 

P eAs | A 1 0000.00: 

A 10 the tangent of 0 -. 9761.44 00 th 

P N the ſine of © 9893.74 

Which added to A 10 BR 77. 

Gryeth the tangent of N 10 | F965 5.108 ot 

But ſubtraft A 10 out of the Fandal! 

Radins and P N,there will | Wox#7 
come forth the tangent of F* 
N 4 at the ſame work 531. 36" 10132. 


The reaſon whereof is manifeſt in the ſchem alot Fj 
wherein the equator being continued, to croſle the merilifoyni 
A, and the houre line the equator at 10, the proportion 

eth thus ; | 


As the greater ſine A P, 

7s to the leſſer ſine N P, 

So 75 the greater tangent A 10, 
T o the leſſer tangent N 10, 


which produceth 24 d. 20' for 10 of clock, by addition} 
you put the radius in the ſecond place, which you- may 
at pleaſure, becauſe it is meane proportionall between Wl 
= gent of thearch, and complement,by the 25 of the 5 of RR. 
; > then will ttie proportion be, | ; Teo, 
== XY 


j - 


—_— 3” 
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' Lhe le er tangent A 10, 
NS, +; him fine A Py 

the lefſer fine P a 
1, ter tangent 4z p 
Ne ffrech 52d. 36', found by ſubtra&ion, for 4 of clock, 
WW. 6 houres diſtance from 1 0. : 
Ts perform this by addition only, the proportions bee the 
nefor both houres. Logar. 


the whole ſine eA P 90", O' I 0000.00 
6: F 0 3o © 9761.44 
ro the tangent of < or 
$): : 7A 4 60 © 10238.56 
vic the fne of P.N FT 32 9893474 
N 10 24 20 9655.18 
To the tangent of <\- or | 
FEICM N4 $3 36 10:32,30 
And thus having ſhewed divers wayes to calculate ſome of 
Sthehoure diſtances, (which vary. nothing art all from the reſt) 
Fandallohow the proportions are naturally deduced out of rhe 
Schem, I will nuw ſhew a briefe way to obtaine your deſire, 
Swhich would have been both obſcure and prepoſterous, with- 
Font underſtanding thereaſon of the work, by the former dire- 


4 #8:0346 
| A . 


« 
b; 
7 
| 
4 * 


3 


% 


og Firſt therefore prepare a table, according to the example ad- 
ryning, wherein ſer down all the houres in order from 1 2, as 
Mey are equidiſtant from the-meridian,v4zr. I 1 and 1, 10 & 2, 
$9and 3, &c. unto them adjoyne the equinoAtiall diſtances,that 
Wiorthe firſthoure x 5 d, for the ſecond houre 30d, for the 
third, 45 d, and fo of the reſt, by continuall addition of 1 5 d. 
Jatake out of the Canon upon a loole paper, the Logarithme 
Pextificiall ſine of: the elevation of the poleabove this plane, 
Wick for 5 x 4. 32', the heigth of the pole here at Londsn, is 
93.7452, andis alwayes one of the middle proportionals ; 
ane out every houres diſtance, apply it to 9428.05 24 the 
Br. tangent of 15 d, in the booke, (which 1s the firſt houres 
W2nocctiall diſtance) and adde them both together, there ſhall 
$ eforth anew Logar. tangent of 9321,7976 for thathouress 
WE. .- G 3 diſtance, 
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a ths 


| Houres, 


" 4. - VA 4 — 
Equino&.| The Logarirh, of \aitances Rn Differ 


diſtances.) the ranggnts. the —_ | 


of,'0] © lod, o' o” 
115 9321.7976|11.50.55 
30 9655.1845|24.19.29 
45 O| 9893.7453[38. 3:35 |1- 22 gf 
60 0/10132,3058,53.35-43 17 30 46| 
175 q[10465,6927 71. 6,29 $ 1 
199 0|10000, 0000 90, ©, © 93 3} 
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124,28' 24% 
13 44 6} 
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diſtance, which ſet down in the table by 1 5 din the ſamep rf 
- remove your paper, to the Logar, tangent of 75 d. the coy 
mentof r5 d. 10571.9475, and adde them both together; 
ſhall producea new Logar. tangent of 10465 .6927 far 
houres of 7 or 5, 90 d. diſtantfrom 1 x and 1, which ſerdy 
m the table alſo by 75 d, do the like with the tangentsof j 
and 60d, for the houres of xo and 2, and 8 and 4, for the 
gents of 9 and 3 of clock you muſtſert down in thetably 
artif, ſine it ſelfe of 5 1 d. 32', viz, 9893:745 2, becauſe 
tangent of 45 d. that hoares diſtance from 12, (being equ 
the Radius ) altereth not the ſine atall ; now ſeeke theſe 
Logar.tangents inthe Canon, and you ſhall finde the hory 
tall arches of each houres diſtance to be for N 1 1,and N1,1 q 
51;;forN 19,andN 2, 24d.20';forNg, and N 3, 38d; ll 
forN8,and N 4, 53d. 36' ; forNy, andNs, 71d.6z F | 
houres z 2 and 6of clock, are two ftreight lines go d, dilifha.” 
and the face croſſing eachother at right angles, as N Z Sree 
ſenting the meridian, and E Z W repreſenting the primeval. 
call, do in the ſchem. ' © | 0 it 
The table being thus prepared, you may examine the itt: 
- of the'work by the differences of the arches, for rhoughl 'K 
; donotequally vary, yet is there ſuch a circular proportiol FRE 


- 
\ 


| ſerved, that they neither alter ſuddenly, nor contrary onener”” 
- x. f . 6 ; : | " N 4 "Bs 
bo: FP br. | | 28 
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The Geometrical projeflion, 


tow make the Diall, and firſt draw two freight lines 


12, and 6 C 6, croſſing at right anglesin C, upon the cen- 
atthe diſtance of Z $ of the ſchem, equalt to AB 60d. of 

ſer chord,make the circle EB O S repreſenting the plane; 
from Bupon that "circle both wayes ( by help of thefor- 

xd) the houre diſtances, as they le in order 1n the table, 
11d. 51'for 1 x and 1 of clock, 24d. 20'for 10and 2 of 
289. 4'for 9 and 3 of clock, and fo of thereſt, Thorow 
ks draw ſtreight linesfrom the center C, fo have you 


EXERT 


- 
— 
LALALLILD 


South. 


- 0 Horizonfatl JF 


G4 all 
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ſeventhand ceighth,houre lines cantinued beyond the cey 
© "0" The heighth of theftile 51 4. 32', 


-**For the heighth of the Nile yon need no calculation: 
kinde of Djall, the beighrh.of the pole above the horizay 
piven,is the heighth rherof,taketherefore of the ſame dy 
arch 5xrd.-32', andſetir from Bro O, either 'way* ;'| 
center thorow that point. draw the prickt line CO Az 
repreſenteth the axis, orſtile deſired, it you like to make 
angular ſtile, which forme is fitted to ſupport it, at the 
leray{ea perpendicular from any part of C B, or draw! 
Fall to rhe 6 of clock houre, croſſing CO A in A, andy 
+, done. Suppoſe the triangle A 20 C, erected fo, that 
20 A may point to the zenith, the fide C A to the Nort 
' ant theſide, C 20 may ſtand perpendicular upon the12g 
: Aine, then is the Diall perfe&ted for uſe. 
;. Itanydeſireto make the ſtile of this Diall with a (quan 
| Hdgoze what thickneſſeſeever, it may-eaſily be done, þ 
+ pol ig the Diall to be cut aſunderyin the meridian line Cl 


% 


aa 
. : 
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doaſt fide ſeparated from the Weſt, the thicknefſe of the 
1a BDC, of this later ſchem, then ſhall all the houre lines 
MS fxremaine the ſame, only the houre lines of 5 and 4 in 
"Faorning, and 7 and 8 even, which before were 
Sathorow the center C of the firſt ſchem, at equall diſtan- 
Foreandunder the 6 of clack houre, muſt now be drawn 
| Ww'the ſeverall centers A and B of the ſecond ſchem, and 
uWibecome unequall, ſave with reference to their proper 
$3 notwithſtanding, becauſe the Eaſt edge of eftle 
th the houres before 6, and the Welt edge thereof after 
ſhadow ſhall give the true houre,as when both ſides were 
thorow one and theſame center : the azimuthes, almi- 
in; paralels, 8c. remaine the ſame without alteration,onl 
dw or notch in the ſtile, which traces out theſe bats 
made atthe like diſtance on each fide of the ſtile ; the like 
beedonein all other kindes of Dials, ſuppoſing the ſubſtile 
be devided.as here the meridianis, 
wif you defire to put into this Diall, or any of the reſt 
follow, the halfe houres and quarters, their diſtances upon 
eplane are as eafilyfound by the ſame rules,as the houreswere, 
rbjadding the Log. ſine of the heighth of the poleunto-the 
xanzents of 3 d.q5',7 d. 30',and I 1d. 15',whichare thee- 
FunoQall arches of balfe houres and quarters, there will come 
WntithieLog,'tangents of new arches, a7 es to the halfes and 
parters, a8 1n the example > pine try being found in the 
Fnenand = into the Dyall by help of the chord,as the houres 
ver; you have done what was deſired. | 


diſtance. 


A— 


- (Hour, Ra Equino. [  Loggrieh. .| True ho, 


ranpents. diſtance, 


G—— 


7. [12 07, o'| 0000.00 | * ' 
$3 3. 45 | 8710.27] 2.56. 
7. 30| 9013.17| 5-53]. 
I ils 9192,40 - 
I5. ©| 0000,00 
| 18.45 | 9424.52 
22,30 | 95109,96 
26.15) 9586.71 


PE wj "Sj 0 | 
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Alice. | ratiens. _ | diftenes. 
304.0 | 0000.00 | 04, of 
33-45 | 9718.63 | 27.37 
37-30 | 9778-72 | 31, 
41.15} 9836.73 
45- ©| 0000.00 | 
48.45 | 9950-75 
$2.30 | 10008.76 
56.15 | 10068,85 
60. 0} 0000,00 
63.45 | 19200,76 
67.30| 10276.51 
71.15 | 20362496 
75. ©| - 0000.00 4+32| 
78.45 | 10595.08 | 75, p44 
82,30| 10774-31 os 
| 86.15 111077.,21 | $5. 
Ly, _ ; TY | _4-IT1 7 

Now becauſeit is to little purpoſe to make the Dyalltny 
lefle. you alſoplace it true in the meridian, I think it fiti 

'. placetoſhew the manner of finding a meridian line,atany 

ofthe day, the Sunne ſhining. | 7 

. Hold a thred witha weight at the end thereof, cloſe ty 

| e, on Which you purpoſe to ſet the Diall, repreſents 

' therenndtableNKS ; make two pricks in the ſhadows 
- threduponthe plane, by which draw a ſtreighvline, at th 
-inſtant take the heighth of the Sunne,and by help theree 
the azimuth of the Sunne, which (with the complementt 
ofto 1 804.) being ſet Northwards, and Southwards, frot 
line of ſhadow (inthe circle SK N firſt drawn by achord 

cording to the time of obſervation ſhall give two points, 

which a ſtreight line drawn thorow the center C, reptd 

ing the zenith, ſhall be the true meridian line deſired.  -. 
Example, let the plane be N KS, the thred and weigh 

the ſhadowed line ECF, two pricks therein at E and 


[tn vhndtn . = Udi 8 [01> wen a1n [6 
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©0000, 00 | ©4, © 
9718.63 | 27.37 422. | 
9778.72 | 31. 01229 
9836.73 |24:29| 225 | Þ 
0000.00 | oO © 7 
2950.75 | 41.46 | 372 |S 
0008.76 | 45.35 pct = | 
0068.85 | 49.32 | 3) 
©0000,00; © © Lag | 
0300.76 | 57.48 |". 

0296.51 Ga, 7 4.27 
0362.96 | 66.34 He 
0000.00 | 0'O 77s 
059508 | 75.45 
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-* Comme ar: 31 4+ 47 y Po 


Urpc eto make the Dyallt 
he merida, I ink le 
ndir g 2 meridian line,ata0yl 


attheend thereof, clole ty 
to let the Diall, repreſen 
two pricks in the ſhadowd | 

hits a treighvline, at the} 
; Sunne,and by help therec 
h (with the complementt 
Binds, and Southwards, iro 
FK N firſt drawn by achord 
ation ſhall give two points, 

oraw the center C, repre 

Nan line deſired. 4 
NKS, the thred and weig 
Þ pricks th therein at Ex 
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oth ofthe Stinne in the morning on the Eaſt ſideof the me- 
dian 35 d. you muſt therefore reſolve the oblique triangle 
ZSinthe ſchem adjoyning, conſiſting of theſe three 
cles of the ſphere, v5z#. Z P part of the meridian of the place, 
Spart of agreat circle limiting the declination of the Sunne 
i the paralell of AC B, and Z S part of the azimuth giving the 
wohth of the Sunne in the almicanter E D S,wherein SP the 
Pruplement of the clevation is given 38d, 28', and Z Sthe 
Paplement of the Suns heighth 1s found by inſtrament 55 d, | 
P4PSthecomplement of the declination may bee had out of 
[ mg: bocke of Navigation, or the like, or may bee cal- * - 
Plated having the place of the Sunne by the firſt of the firſt *. 2 
Weof R, 8, triangles, andis in this inſtance ſuppoſed to be on 


*, "oF" 
+30 - k 
"BNSF 
Wot) 
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the 1 of May 1622, about 8 of clock in the morning 72.9.4 
theſe three ſides given, we ſeek the angle at Z, which giwe 


diſtance of the Sumne in the horizon N W H F, either fron 


North or Southpart ofthe meridianN Z H, by the firſt & 
oblique ſpherical! triangles. 


The firſt way by tangents. 


The baſe P S 72". 4 
&&.37 - © 
Thefides\ >> p 38 28 
The fumme 165 33 Loygar. 


The halfe 82 46. 0003.4701 | 
Fr jt Con 3 Ga © 4010h. compt. 


The difference 27 46 . 9668'2665 
44 1 9844.1137 
Totall 20247.1165 
Thehalfe 101 23.5582 Is the Logarith, 
tangent of halfe the angle 534.2 30" 
Therefore the whole angle K Z N -.106 $ 0 


Theſecond way by ſines. 
The baſe PS 72), 4' Logar. 


'; FZS 55 © o0086.,6355 yy 
T he ſides ZP 38 28 0206. 1095 © Arith, comp! 


Theſamme: 16 5. 32 

Thehatfe '  ' 82 46 ' 9996,5298 
Thebaſeſubduttito 42 9268.7338 

Radius & ſeventh propor, 195 58.06 74 

Thebalfe thereof 9779.0337 1s the Log, 
pt: fine of halfe the angle 36*.57 30' 
Therefore the whole angle KZH 73 55 © 


But you muſt remember that the firſt operation give 
angle Z, reckoned from the North, as it naturally lieth wh 
Sphere, the ſecond giveth the-angle reckoned from the whe 

" | 
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«his the complement of the former, and in this caſe is more 

fr our purpoſe. Take therefore off a chord fitted to the 
UE ns CN 73 d. 56 ,andſetirfrom the line of ſhadow South- 
Jl 


xr& to $,or 196 d. 4', and et it from the line of ſhadow 

TL. ward to N, and by theſe two points draw a line thorow 

center C, and N C'S ſhall bea true meridian line, where- 
jon you mu place the 1 2 of clock houre line of your Dyall. 

F But it may be objeRed, that notwithſtanding all this paines, 

+her this, nor any other Diall, ſhewes the tine exatly true, 

*hont correction, and allowance for the ſemidiameters of the 

ne, which is generally omitted by all Authours. I grant, 

Ltin a ſtrict acception this is true, but ſeeing that ſenſe muſt 

xour judge,and Scale andCompaſſe our inſtruments,ſuch curt- 

ity might be ſafely negleRcd,yer the rules of Artremaine un- 

lamable, 

Toanſwer this objeRion, it cannot bedenied, that the true 
ourelineof every Diall is the ſhado\y of the axis, caſt by the 
enter ofthe Sunne upon the oppoſite partof the meridian, in- 
rcepted by the plane, but becauſe the ſhadow of the center is 

Windredby the ſtile, rhe ſhadow of our houre lines proceedeth 
*Womthelimb, which alwayes precedeth the center one minute 
Whtime, anſwerable to 1 5 the ſemidiameters of the Sunne. To 
low this in the heighth of the ſtile, is erroneous, becauſe every 
Werepreſenting the axis, ought to be paralell thereto ; but if 

x abate for the horizontall at Londox 1 5', the ſemidiameters 

the Sunne,out of 1 5 d. 32/, the heighth of the ſtile,and make 

We ſiileto 5 1 d. 17', or for a South Diall, to 38" x 3, wee ſhall 
uſe the ſtile to point ſo many minutes under each pole, which 
ltitout of paralelliſme with the axis,and conſequently makes 

Woe a falſe ſhadow upon the plane, Let the itile therefore 
ke kept to the true elevation, and let the allowance bee made 
WiltequinoQiall diſtances of the houre lines,contraQing them 
We minure of time, on each ſide the meridian, or ſubſtile re- 
Weuvely : in regard that the ſhadow of the verge doth always 
Reede the ſhadow of the center ſo much. ' So ſhall it come to 
Ws that when the limb of the Sunne doth give ſhadow to tlie 
Wcline upon the plane, one minute ſooner or later then it 
$9 do,the center of the Sun ſhall at the ſametime be juſt ug- 
” ON 


386 The Art of SHanovves; 
on the tneridian, repreſented by the ſame as in this diaprah 
deth appeare. Wherein ſuppoſe A B to bee the length oÞ - 
erpendicular ſtile, in the forenoone the true houre line &d | 
SE the center of the Sunne is C9, which the verge of 
Sun ſheweth at e d, one minute of time ſooner than ithab+ {1 
- coptradt the houreline C9 one minnte, it will fall up 
prickt lineed ; againe in theafternoone, the true hour 
drawn from thecenter of the Sunne isf 3, which they 
the Sun ſhewethar gh,one minute of time later than it ſha 


recs, 
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contra the houre linefz one minute, it will fall upontis 
gh ; wherefore it followeth, when the verge of the \ 

or g giveth ſhadow upon the houre lines contraReded 
the center of the Sunne would at the ſame time ſhineup 

true houre lines C 9, andfF 3, if the Apex of the ſtile at 

not hinder theſame. In imitation of this example for tie_he: 
zontall, the true houre lines ( according to this ſtrict acorn 
by abating fifteen minutes in each houres equinoAtiall WI. 
anſwering to one minute of time) may bee caſt up for 145 : 
kide of Dials whatſoever, k 
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Equi.dift. | Log.tangents | Trueho, diſt- 


4 Pn 4 F FL 


14 45 | 9314-1598 FI 
29 45 | 9650.7972 31 
44 45 | 9889.9552 2 
59 45 | 10127.9405 I2 
74 45 | 10458.1694 G 
| 89 45 | 12253.9250 FI 


Crnar. VII. 


Wo draw the houre lines upon 4 dirett South plane, the heighth of 
the pole being given, 


25d Very perpendicular plane, whether dire or 
| & declining, lieth in ſome azimuth or other, as 
v2 2 here the South wall or my doth in the prime 
| C- verticall, or azimuth of Eaſt and Weſt, repre- 


JWOLLVGED therefore it cutteth the meridian of the place 
Wigitangles in the zenith, and hath the two poles of the plane 
$-<inthe North and Southinterſe&ion of the meridian and 
tzon, and becauſe the plane hideth the North pole from: our 
8, we may therefore conclude (it being a generall rule, that 
118 
SY plane hath thar pole deprefled, or rayſed above it, which 
(42 openunto it) that the ſouth pole is elevated thereupon, 
ve ſtile of this Diall muſt looke downwards thereunto, 
Med above the plane the heigrth of the antartick pole, which 
che l2S 20 arch of the meridian betwixt the ſouth pole and the 
31s equall to the oppoſite part thereof betwixt the north 
p(0d thezenith, and therefore the complement of the north 


| WE dove the horizon, as in the next Chap, will more plainely 
Whheare, wy P 
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The Demonſtration, 


od 
PRI"Yy 


ba 


Suppoſe then that P in the ſchem, drawn by the rules nc 
han Chapter, be now the ſouth Pole, and S the ſouthp, 8 
the meridian, N the north part 8c, thendo all the houre 
from the pole-cut thelineE Z W, repreſenting the plangy 
qually, as the houre lines will do upon the plane it ſelfe, 
by the figures in the ſchem ſet unto every houre line the 
doth appeare. Now having already the elevation of the 

ven, as was .inthe horizontall, there is nothing elſe to 
one, but to calculate the true houre diſtances upon the 
E Z W,from the meridian Z N, and thento proceed aj 


—H- 


«a.» "= #3 
- = - a 
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&y, and note, becauſe the houres equidiſtant on both ſides 
Enmeridian, are equall upon the plane, the one halfe being 
Kd; the other is alſo had, therefore you may begin with 
"Jich fide you will. 
"Min the triangle Z P 1 1, right angled at Z, I have Z P given 
"2748, the complement of the heighth of the pole, which is 
W eighth of the {tile to this Diall,and the angleatP 15 d.one 
tes diſtance from the meridian upon tbe equator, to finde 
"We Z 11 ; or if you will draw the cquinotiall circle 
JW, it will bee more proper in the quadrantall triangle 
WD. wherein the quadranteP D is given god, the fide D a is 
en 15 d; of the equinoRiall, the meaſure of the angle P; and 
"Welide PZ is given, 38d.28',to finde the fide Z 11 ,as before by 
Ke variety of the fift caſe of R2S, triangles. For, 
4# ' The Arithmeticall calculation, 
4Wthefineof P D 90%, f 10000,co 
to the tangent of D A 15:0 9428.05 
Wi the fine of P Z 38 28 9793.83 
bthe rangent of Z 11 9 28 FX9221,88 
which 9 d. 28 is the true diſtance of the houres of x 
| and 1 1 from the meridian upon tne plane, 
| Andbecauſe there is no other variety in calculating the reſt 
Witehoures,but only changing the angles at P, which encreaſe 
d.for every houres diſtance from the meridian, therefore as 
aUdinthehorizontal), firſt make a table like the example 
ang, whereinglet down all the houres and halfe houres 
vFFPathe meridian, with the equinotiall diſtances by them, of 
YI 39 for halfe houre after 1 2, 15 d.for 1 and t 1, 224, 3o' 
Flulfthoure after x, &c. then tranſcribe the Logarithmicall 
ed38d.28, 9793.83. (which in this Diall is the heighth 
Wlule above the plane) into a peece of paper, and adde it 
JWtteleverall Logar. tangents of the equinoftiall diſtances 
Wie houres and halfe houres, ſo ſhall you produce other Log, 
Wea, which fer down in the table, and ſought inthe Ca- 
& will give youthe true houre arches to bee ſet off from the 
BE= of $hemeridianlinein the Diall, each way upon thecir- 
2% repreſenting the plane, as in the table annexed ap- 
*1| Mae H Hourcs 


A 
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| Uaalol | Logarith. of 
" oh, 
| -7-30 | 8913.26 
15. 0| 9221.88 
22.30 | 9411.05 
30, O| 9555.26 
| 37-30 | 9678.81 
45- 0 |: 9793-83 
52.30 | 9908.$4 
60. 0 | 10032,39 
67.30 | 10176,60 
75- 0|10365.77 
82,30 | 10674.40 
90. © | T0000. 00 


e heig tl of the ſtile 38d. 28. p 


O win a HIS, HInUuy wn” 0 vin wn © ” 


— D— 


6 
FR 


— 


Where the Log. tangent of 1 & 11 produced by addy ! 


Logar, fineof 384. 28' unto the Logarith. tangent dj] 
is 9221.88 (the Radius being cut off, as in the cautwiſh| 
forclayd) the arch whereof is 9 d. 28', So is the Log.tafffhull. /- 
of 5 &7 produced by the like addition of the Log. fine of 30 
unto the Logar.tangent of 75 d. 10365.77 the arch w 
is 66d. 42', the like may bee ſayd of the reſt of the hours 

IO, 3 and 9,&c, but becauſe I have ſo particularly delivat 
* the operations in the horizontall, I may hefe forbeare ti 
like, and referre youto the table. 


The Geometricall projettion, 


In the making of the Diall, firſt draw the perpendialaiiigy,- 
CE B, which is the 1 2 of clock houre, crofſe it at right W- 
with 6 C 6, whichis the 6 of clock houre, then take 6008p. 
chord, equall to Z S the Radius of the ſchem, and makinghs.. 
center, draw the circle 6 E 6, repreſenting the azinleey 
which the plane lieth, which Cone, take off the chord its 


b, 
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Zenit "4 


20 £2 


bp 4 w+h+xX +3 +0 


Seuth dial , 
& 


(diſtances, viee, 9d.28'foriand1r, 19d. 45 'for 2 and 
231d.53'for 3 and 9, and ſoof thereſt, and ſetthemfrom 
dieinterſeRion of the meridian and olane) both w o_ upon 
6E6; bring ana | raprlpark tothoſe 
in the circle, are the true boure lines deſired. 
In the hore flves, take 38d. 28' (the eleva- 
e or ſtile above this plane) off the ſame chord,and 
LEtoo, draw the prickt line C o A, repr me 
of theſtile, from any part of the meridian, 
-oFoph _y A, and it ſhall make BY 
forme to ſupport the Rl at atthe true heighth ; w_ = 


_ - 
».. & p "# » 
TY ws H - $ 
: 4 4 4 $ : 
» +2 } y \ «> 
4 A a 
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line 6 C 6, and BA be horizontall, thetriangular ſtile Cit 
reed at right angles over the x 2 of clock line, ſo that ths 7 
C A may looke down to the ſouth pole, then is the Dili. 
feed for the plane, dire&ly repreſenting ſouth or nol 
ſhall appeare in the Chapter following. 


—_— 


CHaPe, VIII, 


\ 


To make a Diall to a North aireft plane, the oppoſit F v3 
former. : = 8 


7; HE north plane'is but the back ſide dF” 
VN ſouthylying in the ſame azimuth with 

Y e)> ' repreſented in. the ſchem by the bacwlf 
>. 0 the ſame ſtreightline EZW, & as inthalih 


plane hath the Nerth, the Eaſt plane the Welt, the Soutid 
ning Eaſt a North declining Welt, and the recliningpui:. 
inclining oppoſite to it, whatſoever therefore is ag p 
South plane, may be applied to the North, and *fo of tt - 
excepting the reſpect ofthe ſtile, becauſe as the South. 
above the South plane an angle of 38d. 28', fo is the Nome - 
under the North plane thelike, and equall angle, and a 
muſt reſpe his owne pole. | 


The Demonſtration. 


To make this plane, conſider rhe diagram adjayning 
in Z C Nrepreſenteth a South and North wall ere&al 
thezenith, N rhe nadir, and C thecenter of the work 
theaxis, Z P and N Stwo arches ofthe meridian, thetf 
"North pole, diſtant from Z the zenith, and deprefipat 
North {ide of this plane the.avgle of P C Z, 38d. 

"muchis the Sonth pole $ diſtant from the nadir N, und 


. =» 


wy 
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&etheSouth fide of this plane, the angleofN.C S 38d. 28', 
E149 the former, as may be eaſily proved, becauſe theangles 
e&7a7d Nare right angles, and Þ and S ſubtented by like f1des 
Weegtall bythe work, and the angles at.C are verticall, NC S 
aereforethe heighth of the ſtile for the South wall, which 
«<p muſt logoke down- 
W546 Z wards'to the South 
TD PoleS, & Z CP 1s 
9 * the. heighth of the 
ſtile for the North 
wal, which muſt look 
upwards to the north 
pole P, And becauſe 
there may bee here- 
after no doubt,. haw 
tQ «plac# the ſtifle, 
which giveth. the 
ſhadowto the houres 
in every Diall , ob- 
ſerve this generall 
Rule. The fide of the 
{tlerepreſenting the 
axis mult alwayesre- 
{pe one of the poles, 
videlicet, in all ereX 
planes, whether di- 
re, or declining up- 
on the North fide, 
the North pole ; up- 
on the South ſide,the 
South pole, as in 
' P Z N, the pole P, 
BOSN Z, the poleS ; inall Eaſt and Weſt reclining, the 
I pole, in inclining Eaſt and Welt, the South pole ; in all 


trcclining planes, whether dire or declining,the North 
+; and inthe inclining planes, oppoſite to them, the South 

lallly, in all Sonth reclining planes, whether direX or de- 
a” if the plane paſſe between the zenith and the pole, the 
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2s of the ſtile maſt reſpe& the Sonth pole, and on the inci. 
fide, the Northpole ; bat if the plane paſſe berweenthe ky 
andthe pole, the contrary, 

- Suppole therefore againe in the firſt ſcheny of the { 
Chapter, P to beethe Nort pole, and the fide E Z \y 
t6it, to be the North wall or plane, then do all the houregy 
drawn from the pole cut the line E Z W with the ſame 
that they did before, when you fuppoſed it to be a South 
only the meridianuupon this plane repreſenteth the midy 
and not the noone; and the houres about it x 1,10, 9, adi 
2, arealtogether nlelcfle, becauſe the Sunne in his greatetWilel 
there declination $9 d. 5 4', hath bur 39d. 54' of ampli 
this or latitude, and therefore riſeth but 1 3'before fowrh 
morning, and (etteth ſo much after eight at night, . neithy 

wo.» ye thisplane longer than 21' paſt ſeven in the 
ning; and rFurnine to it 2 1 before five at night, becaſy 
the Sunne paſſeth onithe North ſide of the prime vertial 
which this planelieth, and commeth upon the South ſide 
of;/ as doth appeare by the firſt propoſition of the 34 Chyſ 

- Now therefore'to make this Diall, is but to turne the! 

Dill upfide down, andleave out all the ſuperfluous hour 
 rweeii5 arid 7,4 and 8,and the Diall to the North plane 
to your hand. © Theſe things conſidered, I ſee no reaſon) 
this ſhould be reputed a ſeverall Diall from the former, 
agrecth both in rhe heighth of the ſtile and |houres with wiſeſ'- 
ther, notwithſtanding for further ſatisfaRion the Diallviy- 
eaſily made, | 
The Geometrical! projeftion, 


Draw two ſtreight lines BD, and 6 C6, croſſing a; 
angles in C, open your compaſſes to the extent of 60d, a 
chord, and upon thecenter C make the circle EB D, repay 
tins the azimuth wherein the planelieth : but of the PRngnny 
blecalculated for the South Diall, rake the houre diftanores 
and 8, which is 47d. 8'; and of 5 and 7, which is 66 08860 
ſer them from the point B of the meridian line BC, wane 
circle E BD, both wayes, fo {hall yorr have pricks, uno 
fro:n Cdraw ſtreight lines for the houres dcfired, cones 


= 
— 
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of Heighth of theſtiteP Z 38d. 28". 
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North Dial, 


ie lines of 5 and 7 beyond the center alſo, ſo have you as 
yasneed, The ſtile is the triangle AB C making an angle 
8d. 28 the very ſame that wasfor the South Diall, and is 
reiented by the prickt lines, wherein rhe ſide CB is the ſab- 


rorlineof midnight, AB muſt ſtand horizontally, the cen- 
Cdownwards, that the line C A repreſenting the axis-may 
Wpwards to the North pole, and the whole ſtile CB A 
Epependicular to theline C B, ſo have youdone what was 
420 han E-- > | H 4 CHAP, 
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gol 
CnuaP. 1X. re, 8 


Todraw the howre lines upon a direft Eaſt or Weſt Men. 


S the planes of South and North Dialslie 
azimuth of Eaſt and Weſt, and their poliiaple 
# the South and North parts of the meridiaf@witt 
do the planes of Eaſt and Weſt Dialsliegnd 7: 

South and North azimuth, and their pol@lpa 

DUNG I the Eaſt and Wet part of the horizon, Wayy( 

-. whence theſe Dials, (as all the reſt) receive their'denoulf 

- tion | F , 
[ Now becauſe the tmeridian, in which this plane lieth/llat 
. of the hourecircles, and no plane that lieth in any of thelW,: 


_ 


\ 
1 
a 
th 


of 
circles (as doth the horizontall of a right ſphere, the ili th 
Welt, and equinodtiall planes of an oblique ſphere) del@hatl 

- © the axis of the world, but is paralell thereto, therefore they. 
+ ; lines of all theſe kinde of planes are alſo paralell each wil. 1 
| | and mayberepreſented in the ſchem of the ſixt Chapter, 
; - £this manner. ' 


The Demonſtration, F 


2 TLetNESW inthiscaſe be ſuppoſed to bee the equi: 
. {divided into 24 equall parts, and let the prickt line 8 E 1, 
:lell to NZ S, bea tangent line to that circle in E, ſtrei 
;drawn from the center Z thorow the equall diviſiauwd 
* *Iimb, interſecting the tangentline, ſhall give points in, 
' 7,8,9,10, 11, thorow which ,paralels being drawn wF 
rime verticall, or 6 of clockhoure line E Z W, you be 
Konk lines deſired, which may for more certainties fa 
found by tangents alſo ; for making Z E of the forme 
the Radius, and $E 2, continuing the tangent line asatordlf 
let the ſeor be opened to the widrhof Z E,(or for wantWp- 
of uſe the [cale' A 10,B. ro, of the firſt Chapter) then{bal* Pr 
nataral] rauzent of 2 5 d. 25?, and of 390d, 577, and of 450 alli 
{£quall ro.the Radius &c.) taken thereof, and ſer bot wake 
from Eupon the tangent lirie 8 E 2, give the diſtanoWFthc 


4 
- 
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wof5 and 7, 4and 8, 3 andy &c. from the 6 of clock 
u atoreſayd. 


The Arithmeticall operation. 


therefore the table for the houre diſtances, as in the 

ole adjoyning. Firſt ſet down the hoes and Fore begin- 

Sith 4 and $ the extream houres of the Eaſt and Weſt Dials, 

= 4] 7, 6and 6, and fo proceeding to 12, unto theſe houres 

Soars ſet the PR romjengs 3 Tom 6 ba - 
«(which being perpendicular to the ' plane, 1s.here in 

4 , Ne ling) vhce, for 4and 8,30 d, for 5 and 7,15 d, 

72nd 5 againe 15d, forgand 3,45 d, and fo of the reſt, 

y ne difances fJoyn the naturall tangents, viz#, of 15d; 

e(d, of 20 d. 577, of 45 d. 1992, &c, as you ſee in theexample, 

(the table fitted for uſe, and is generall for all latitades 

dtatſoever, Is 


——_ __ 


[= — 


Narurall | 'Naturall 


Equino- | tangents Equino- | rangents 
Gal di- { or houre Atiall di- | & houre 
ſtances, | diſt.upon ſtances, | diſku 
the planc . | thepla 


— 


=] 
AQ. 


304.0 
22.30 | It 
I5. © 
7.30 
Subſt, 
7.30 
15. © 
$4.4phs 


z30d,0| 577 
37-39 | 297 
45. © | 1999 
52.30 | 1308 
60, © | 1732 
67.30 | 244 
73. ©}. 3732 
82.30 | 7595 
112] | Infinite. 


_ wi wa wo OQHESI v3 COU, 
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The Geometrical projeftion, 


| l F Proceed then to make the Diall, and firſt draw the horizon- 
Wy GlineB A C, at your pleaſure, upon anypart thereof, as at A 
Se two obſcure arches, DBG,and F CE,the extent of 60d. 


te chord,of the ſame chord take 38d. 28',the heighth ofthe 


bv " | 
x 
”T , 
bd . 


equator, 
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tor, which ſerfrom B to D, & from C to E,alfo take 
of51 d. 32', the heighth of the pole,and ſet it from B ro 
from C to F, draw the —_ lines D A E repreſenting 
quinottiall, as by the angle B AD 38d. 28', which thehgh 
and equator make, and F A G repreſenting the axis 
world,as by theangle FAC 5 1 d. 32', which the pole 
rizon make,is = & this will bealfo the 6 of clock 
or ſubſtile of this Drall, ſeeing the plane it ſelfe lieth ind 
ridian 90d. diſtant from the ſame ; now becauſe the a#. 
Peper the ſtile A L (equall to the diſtance of the houragdh 
9 from 6)doth give the ſhadow in all planes that arepa © 
the axis, 1twillbe neceflary to proportion the ſtileto the 
thatthe hourelines may beenlarged or contraQted accorylf 
the length ofthe ſame, which is done in this manner ; ls 
2 of the ſtile at A, and the place of the extream home 
or K (in the Eaſt Diall x x, intheWeft x ofctock) 75 4G@ 
the equator from A be given in ſome known parts 
will be more or leſle according to the greatneſſe of the uu 
ſuppoſe 38, that is 3 inches and +%hundred Parts, 4 thi 
caſe of R. P. triangles, | | 
| Logar. 
As the fine ofe FLY RN 75%. © + 0015.0562 Arithi 
"Ts #0 the tine AN 348 + ©541.5792 , 
So #4 the fine of AL 154. © + 9412,9962 
To the line A L 098 —— 9969 6316 
| . Compl. o. 


Or by the Chiliads alone for want of a canon, 
As the natzrall fneof 754. 96593 + 501540544 
Ts to the lint AV 348 + 0541,5793 
So is the natural ſine of 15%, 25882 + 4412.9979 
Totheline AL. 029 — 9969.6315 

.. , Compl.o. 
Or by the fame caſe you may alſo ſay, 

As the Radits A | 
Ts to A L thetangentof 15 4, 
Sou theline A 
Tothe line AL in the ſame parts. 
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The Eaſt Dial. 


The Weſt Dial, 


Placethus folio 98. 


p «_ "; % — PMU TICre 3T wararea Parts. oy UNS 
Fine divide the Radius 10: 0200, encrealed with as _ ci- 
7 T7 pners 


SHADOVYES. «drtofSHaDovw= '- == 


> D, & from C to ,alfo takegf 
the pole,and ſet it from Brag, 3 
lines DAE repreſenti 10 a 
$ AD 38d. 28', which thehoſ 
4 - Av en +, the _ 
2', which the 
Sl eatfo the 66 you: | 
the plane it ſelfe lieth int 
ine ; new becauſe the ap 
the diſtance of the homnn 
5 proportion the ſtile to the 
JWarge ed or contraQted accor 
one in this manner ; 1y 
place of the extream .7e1 
eWeft x ofctock) 75 dit 
be Gene lnown Dart 
eco the Hm prom of the 
c 14%hundred parts, 7M | 


The Eaſt D, 


Logar. 
» © + 0015.,0562 A 

+ O541.5792 
. O' + 94129962 + 
— 9969.6316_ 
Compl. O. 


ie for want ofa canon, 

96593 + 501540544 WK 
348 + 0541,5793 we”; 

25882 + 4412.9978 q 

| O29 — 9969.6315 

 ., Compl.o. 

eyou may alſo ſay, 


Place this folio 98. 


"e@rurcapercs, Dy Un 
It or 0500, " eherealel? "With as many c 
"yy 


' Eaſt Diall. 
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othe line A 
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| of the ſtile A L propottionall to the plane 


_— y the Chiliads alone, (as inlike caſes tnay be done) 


the Canon and Chiliads together, to be 093 centeſines of 


Tcinch, make that the Radius, then ſhall the equator K A V. 
Lenoent line thereunto, and the diſtance of the houre lines 


7 each wa from A upon that line ſhall be rhe naturall 


ent of 1 5 d, which is 262 parts, the diſtance of 8 and 4 the 
"Firall tangent of 30 d. 577 parts, thediſtance of 9g and 3 (e- 
Ptotte 


adius) the naturall tangent of 45 d, 1900 parts, 


K9ifar of 10 and 2 the naturall tangentof 60 d. 1 732, and 
Siittance of 11 and x the naturall tangent of 75 d, 3732,dsin 
& table doth appeare : Wherefore open the ſefor to the 
Sth of AL,or divide aline equall thereto(as in the firſt Chap- 
F) from either of which take off theſe diſtances, which ſet 
Kt ways from A will afford you points in the equator YAK, 


wow which ſtreight lines being drawn paralell ro the 6 of 
xck houre, you have at one work made both the Eaſt & Weſt - 
as in the tipe appeareth, only remember that becauſe 


Pantech before 4 in o3, and ſetrethafter 8, youmuſt adde 


»houres before 6 in the Eaſt Diall;and two houres after 6 in 
WeltDiall, that the plane may coritaine as many houres as 


_ e of, 


for varietity ſake, or haply you have nota line divi- 


Þdinto 100 parts of an inch, you may without reſolving a tri- 
We, or giving the length of the plane in known parts, finde 


h of the ſtile proportionall thereto, which being made - 


ERadius, ſhall jaſtly fill the'plane with any two extream 
Srcaſſighed whatſoever, For, 


Þthr natural rangents of the two extream houres added toge- 


er 


Geir mmtmet enernpeny 


I the R =, 


Pthelength of the ſtile 3n known parte, 
F*reloreadde the naturall tangent of 4 of clock $77, and the 


_O——— 


k all tangent of rx clock 37:2 together, the length of the 


| 2 


% 
_ 
b. 


. 
f 
"al 


wie line 4", or $ K, the rwo extteam houres, will bee 4399 
+H-crw the Radins arid nere 31 hundred parts, by this 
me alvide the Radius 10-0200, eherealelU with as many ci- 
_— ; phers 


\ 
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phers 2s:you think good, . the quotient will be 232 the le 
the ſtile AL; as1n te example appeareth, 
BEI. 
£ 1000000 (232 
8618 


13820 
12927 


8930 
86138 


- 312 
Yet alſo by Logar,this work is facilitated, for if you ui 
ns. cpinp ement of the Logar. of 4399 (negleQting 
rateris 


- NS oe "ods. bh 03m het ao $04 -—+— a_ » 
- I 4 
" * 4 


which' is 0365 ,, 6235. and ſeeke: that in t 
liads with the chara&erislgt 2, 3, or 4, you ſhall finde 
number an{werable to your defire. Wherefore open the 
to the length of 4 Y, ſuppoſed to bee the capacity of th 
(or divide aline equall thereto, as in the firſt Chapter)au 
thereof 232 parts for the length of the ſtile A L, make tl 
Radius, and the naturall tangents of the houre diſtance pol 
table ſhall jaſtly fill the plane. Seal! 
The houre lines being thus drawn, the ſtile may bee th 
a ſtreight pin-like A L, fixed in the center A at right and: or 
the plane, ſhewing the houres with the top thereof, ot iiſlerre 
oblong like unto ab cd, of equall heighth to A L, erectile 
pendicularly over the houre line 6 A 6, and ſhewing the iſtic 
with the upper edge thereof ; let B A C bee{horizontall, 
ſpeRing the South, and C the North, then will AK pollitor: 
ro the equinoRiall, and 6 A 6 to the pole, and the Diall lit 
its due poſition, to receive the ſhadow ofcither of the kt 
forcſayd. | ht 
The Weſt Diall is the ſame in all reſpeas with the kueuſ 
appeareth by the making of them,only the arch BD the nopanh 
of the equator above the horizon muſt bee drawn on tie Witter 
| 


handof the center A for the Weſt Daall, as here it was WG 
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Lind forthe Eaſt Diall, (and as the equinoQiall it ſelfe lieth 

&; yon in the heavens, your face being turned to the plane) 

T:the kourelines croſling itat right angles, may reſpeR the 
Wc of the world, unto which they are paralell, 

C | dndifyou like not to draw the Weſt Diall by itſelfe, prick 


>houre lines of each Dialf thorow the paper, and draw them 


"Kine on the other ſide, repreſenting a Welt plane, as this doth 
Tf, ſo have you done whay you deſired. 


—_ — 


Cnar. X. The firſt part, 
'Þ How to finde the declination and reclination of any plane, 


RR LL great circles have their poles 90 d, diſtant 
)/ NEW. from them, 1o the poles of the meridian lie in 
YA YA the Eand W points of the horizon, and the 


nyplanes, 90d, inthe horizon diſtant from the plane, The 
kelination therefore of any plane is the horizontall diſtance of 
Me poles of the plane from the meridian of the place, alwayes 
Mull tothe difference between the azimuth of Eaſt and Weſt 
-Sadthe plane ; to finde therefore the declination of any wall, 
2 Wit or plane, is to findethearch of the horizon comprehended 
"_xweenthe meridian of the place and poles of the plane,or be- 
"nee the azimuth of E and W and the plane, equall thereto, 
FMach muſt be firſt found before you begin the Daall. 
"FF; *repare therefore the inſtrument adjoyning called a Decli- 
"ory, let ABCD bea fquared board, whoſelength may bee 
WDle the bredch, about the middle thereof, upon the center H 
aw the ſemicirele LE K, which divided into two quadrants 
"JFtielineH E, ler each of them bee ſubdivided into 90 d. for 
ule of the Reclinations, accompting from the middle line 
TW both wayes ; and into 1 80d, for theuſe of declinations, 
"FSounting from the diameter LB. Let the moyeable lable 
SPN tumeupon the center H, and let the perpenditular H S 
c 
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d at right angles to the line of the lable FH from the 
ofthe perpendicular G to the end of the lable at F make faſt 
All thred, whoſe ſhadow upon the line FH G ſhall dire& 
Se tne poſition of the lable. LOT 
T pon the backſide of the ſame draw another ſemicircle con- 
rick with the former, which divided into twa quadrants, 
$ quadrant into 90 d. acconnting the firſt degree from the 
[Emer AB, cloſeunder the periphery ſo divided make a hol- 
Ti grooue (like the black circle) ot (uch capacity that a ſmall 
 Kilet hanging by a thred from the center, may play at liberty 
Wercin, by application of the fide D Cunto any reclining, and 
'Wehde A Buato any inclining plane, the thred onthe backſide 
| Whe inftrument doth interſe& the degree of reclination and 
Kdination, accounting from the diameter A B, without any 
Tore trouble, which being plaine and common in uſe, Ileave 
xradtice without further dire&tions, only remembring that 
the boardbe large enough to receive concentrick circles with 
Mconals, the work proceeding to parts is the more perfe, 
"F Butfor want of ſuch an inſtrument, you may with great caſe 
Fjcrofling two rulers at right angles,the one paralell to the ho- 
Moncallline, the other to the verticall line of the plane, give 
"KMereclination deſired. | = 
*& TheSunne ſhineth upon all planes declining Eaſt before 6 of 
Fckiathe morning ; ifafter 6, the plane declineth Weſt ; up- 
Sdouth declining bow far ſoever it ſhineth at twelve : ifnot, 
Þ = declineth North. 
"Þ Thereare, many wayes to attaine this declination ; the plai- 
Wibby a Needle ; but becauſe we havelately found a motion 
"Wtevariation,and the Needle it (elfe is ſo apt by every magne- 
Ulzttrationto be drawn out of his proper place, and there- 
Flgrc afalſedeclination, I omit that as veryuncertaine : the 
Sy and leaſt ſabiec to error is by comparing the azimuth - 
F eand plane together, from whence-wee may artifi- 
{gue the true declination thereof. 
"39d this may be three wayes praQiſed, two particular on- 
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efed at right w_ othe line of the lable FH from the 
| ar 


{the perpendicular G to the end of the lable at F make faſt 
Kilthred, whoſe ſhadow upon the line FH G ſhall dire& 
ve poſition of the lable. IP 
Aon the backſide of the ſame draw another ſemicircle con- 
TE with the former, which divided into two quadrants, 
"TK madrant into 90 d. acconnting the firſt degree from the 
Treter AB, cloſe under the periphery ſo divided make a hol- 
-t&grooue (like the black circle) of (uch capacity that a ſmall 
«hanging by a thred from the center, may play at liberty 
tin, by application of the fide D Cunto any reclining, and 
WfleA Bunto any inclining plane, the thred onthe backſide 
einftrument doth interſe& the degree of reclination and 
Wination, accounting from the diameter A B, without any 
Se trouble, which being plaine and common. in uſe, I leave 
SraQice without further dire&ions, only remembring that 
Kcboardbelarge enough to receive concentrick circles with 
gonals, the work proceeding to parts is the more perfet, 
Sbut for want of ſuch an inſtrument, you may with great caſe 
Fcoſling two rulers at right angles,the one paralell to the ho- 
Kontall line, the other to the verticall line of the plane, give 
Wreclination deſired. | ro 
TheSunne ſhineth upon all planes declining Eaſt before 6 of 
Kkinthe morning ; if after 6, the plane declineth Weſt ; up- 
oth declining bow far ſoever it ſkineth at twelve : ifnot, 
| plane declineth North, 
Fereare,many wayes to attaine this declination ; the plai- 
| W6by a Needle ; but becauſe we havelately found a motion 
; Wvariation,and the Needle it ſelfe is ſo apt by every magne- 
Wilattrattionto be drawn out of his proper place, and there- 
pro afalſe declination, I omit that as veryuncertaine : the 
Say and leaſt ſabiet to error is by comparing the azimuth 
F | eand plane together, from whence-wee may artift- 
$9 gue the true declination thereof. 
$9 this may be three wayes praQiſed, two particular on- 


Jul in their ſeaſons, the third generall for all times what- 
FM, | 


The 


«26, 
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The firſt way. 


The firſt particular way is in uſe but from Marchrilly 
ber, during the time that the Sunne continueth in the Ne 
ar of he: eclyptick, and is thus, 

irſt by the deckinarlon of the Sunne and the elevatior 


role iven, finde out the heighth ofthe Sunneupon the 
Weſt azimuth, and if you will the houre alſo; that 
not wayt too long: In thediagram following N T Hy 
ſenteth the horizon, NP Z H the meridian, T Z V the 
verticall, A C Band I'S two paralels of the Sunne, T 0\ 
equator, P F, PE, and PSthree meridians,Z F, Z r; and 


"# 
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Spouinths, G F, and DS two almicanters, P thepole of 
Tporld, and Z the zenith. From P ler fall a þ poor, paſſing 
Fhephce of the Synne in E, andcutting the equinoGQiall at 
ales in R ; RE is the declination of the Sure, and V E 

tioth of the Sunne upon the prime verticall, and R V the 
þ 1 from 6 of clock, or the complement thereof 
bom 1 2, the things deſired, which you may finde either 
MT mall triangle E RV, or by his verticall P ZE, or by 

adrantall Z Q V-Let the declinationof the Sunne R E be 

S onthe tenth of May 1622, about 7 of clock in the mor- 

194,59and the e evation of the pole P N, equallto ZQ, 

"le 42,to finde out E V theheighth of the Sunne, by che firf 

Whey af the eighth caſe of R. $, Triangles, For, | 
Logar. 

the nevf Z 2 the Latitiide of the place 514.32 9893.74 

18 the fue of E R the declination of E 
the Sunne, 19 59 9533.70 
Wu the whole fue Z Y go © 10000.00 
\ithe fue of E V the eighth of the i: 

Lame defired, 25 53 9639.96 


Andfor the houre in the ſame Triangle, by the firſk varie- 
W4thefourth caſe of R. S. triangles, 


the target of BZ 51% 32% | 10099.91 
Yin the tangent of RE 19 59 9560.67 

ute whole ine BY go © T0000 
the fine of R 16 48 9460.76 


| Which16 4; 48' reſolved into time (by allowing 1 5 d. toati 
+, and 15' of adegree to one minute of time ) giveth one 
leven minutes, before or after 6 of clock, according to the 

Je obſervation in the morning or as 5 
| Ncheighth being found, fer a quadranc fitted with ſights 
mt heighth,and obſerve till the Sunne commeth to it;at the 
Fiaſtant apply the fide A B of the Declinatory or ſetnicircle 
F*4jd untothe plane horizontally ſuppoſed to be « gs 
I the 


' 
[ 
| 

[ 

/ 


[ 
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thelabell to the Sunne till the ſhadow of the thred FO 
juſt apon thelines of the labell F H, ſuppoſed to ſtand 

- prime verticall, then reckon the degrees contaynedh 
the middle line of the ſemiciecle'E H, ſuppoſed at Y;; 
end of thelabellat V; the degrees between Y V, thep 
planeand labell ſtanding upon the prime verticall, are 
plement of the declination, and between V Lthelabyl 
plane, the declination it felfe, For ſeeing that them 
of the ſemicirclerepreſenteth the pole of the planeay 

- plane do not decline, it muſt needs fall out, that the 
ned to the Sunnie upon the verricall of Eaſt and Welth 
ly fall upon the middle line of the {emnicircle EH, 2 
and Z V in the ſchem become both one,the plane notd 
ztall, butif(obſerving inthe morning) the labell turns 

' Sunneuponthe prime vertical! doth fall between Eand 
ſemicircle, equall to Y L of the fchem, as at V, thenis 
a South decliningEaſt ſo.many degr.as are contaynedd 
V&L the labell and the plane, equall to H Y the-meri 
pole of the plane ; if it fall between E B the other qu 
rhe t{cmicircle, equall te x Y, then is the plane a Northd 
Eaſt as much, Thelike may befayd for evening obſeral 
contrary ; for if the labell turned to the Sunnefallbay 

| and Bof the ſemicircle, then is the plane a North 
Weſt, if betwcen E and A,a South declining Weſt azut 


The ſecond way, | 
The ſecond way is more generall, and altogether it 

ſomewhat too particular for the time, and that isbyi 

:til che Sunne comes into the paralcllof the plane, tor 

;n the ſame azimuth with the plane, and the azimuth 

found by his altitude is the true declination of the plans 
Firſt therefore apply the aforcfayd ſemicircle hor 

-:c declining plane, fnppoſed to bee K Z Y, thei til 

*1:2ular labell into the diameter thereof LH K, para 

00 A B, attcnd till the Sunne ſhadowes juſt upon 

ten takehis heighth, by thc heighth and declination 

an oblique<triangle framed in the diagram adjoyning ne 


. 
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*©.C, « whercof are givenzto finde the angleat Z, by the firſt 
0.8, triangles ; for Þ Z is the complement of PN the 
hot thepole, and Z F the complement of FK the heighth 
Ginane, and F P the complement of O Þ the declination of 
ne, by which I kek the angle P Z F, the azimuth of” the 
zand planc. VESSS 
Wnble, the tenth of May 1622, let O F the declination a- 
*3e night be 20d. 7, and K F the heighth of the Sunne 
thefame time) be 1 1 d, 30, to findethe angle Z, 6 the 
ts zof0,'S. triangles, | | 


b. i 'P F 69'.53' 

2 ZF 78 30 

xa 8p 28 28 

| ſuns, | _1 36 51, 'Logar, 

elle 97 255; 0000.7764 W 
A 23 322 COB 1544 © dvith, comp, 


br dn $74 55 7 - 9410.8690 


54 573 9913.1432 


You. > ' Tot.19723-3633 
\  Whertof the halfe 9861.6816 Ts the tangent of 
m_ he the angle Z fromthe North, 36 d.1' 35", and 
a_ tbe cotangent of halfe the angle from the South 5 34. 
58 2;", 
© Which donbled 72 d. 3: 10” is the whole angle N Z K from 
-FENerth, or the complement thereof.107 d. 56' 50" the angle 
EK from the South, both of the Sunne and plane, therefore 
ZimuthZFK, under which this plane licth, repreſenteth 
we fituation thereof, declining from T the Welt point of 
wrizon theangle T Z K 174. 57 fere, the complementof 
wequall to the true declination N L or x H reckoned from 
iendian NZ H, to the poles of the plane x L, 90 d. diſtant 
I the plane KZ Y, 2nd isa Sonth declining Welt 17d. 57 
wortideclining Eaſt as much, becauſe the poles of the plane 
Lhalberwcen the South and Weſt, and North and Eaſt 
14s the horizon, as dy the ſchem appeareth. 
5,650 i A 
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The third way. 


The third way by azimuths is generall for all times} 
and of the yecre, but beſt when the Sunne 1snot toohig 
hath little refraftion. Whenſoever you would therefore 
the declination of any wall or plane this way, firſt 
heighth of the Sunne, at the ſame inſtant apply the ſemig 
the plane hortzontally, which now ſuppoſe to bee x ZI, 
the triangular labell to the Sunne, and reckon thedegiy 
tayned between the plane and the labell, which wee 
the azimuth of the plane, (in South planes from the $a 
in North from the North part of theplane) which not 
inuſt you (by the like oblique triangle as before) calculi be 
zimuth of the Sunne, by theſe two azimuths compared; ol 
the declination is thus found, = 

If the labell turned to the Sunnefall juſt upon thai /an 
line of the ſemicircle, repreſenting the pole of the lull 
is the azimuth of the Sunne counted from the South or3f+ 
points of the meridian reſpeQively , the declination 
plane, Eaſterly or Weſterly according to the time of aw L 
on ; butif the azimuth of theplanex Z L, declining 8 
x Z NV, 107d, 57,andtheazimuth of the SunneHVg 
H V out of x V, therereſteth x H17d, 57', the cone, 
Whereof to 90 d. is H Y, 72d. 3', the declination dane; ? 

d 


the azimuth of the plane bee x Zr 54d. 44', and of wn 
HZ r 36d. 47', take HR outof x R, there reſteth At we 
57', therefore HY 724. 3'as afore, Laſtly, if the aw, 
theplanebex Z W 10d. and of the Sanne W ZH 1% 
adde both together, ſo have you x H 1 7d. 5 7, tithe 
H Y 724, 3',as afore. Againeyif the azimuth of thepullWtr 
declining Weſt, beK Zr 144d, 44', and the azinW. 
Sunne HH Zr 36d. 47', take Hr out of Kr, there red Lf 
107d. 57, from whence ſubtra&t K x go d, thereres. 
17d. 57', thedeclination deſired. If the azimuth off 
Bc K Z WV, and of the Sunne W H, adde them roger _ 
you KH,from which ſabtraQt K x god. thereſtisx,"? 
£lination as afore, * Lattly, if the azimuth of the plane 


/ 
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xe zimuth of the Sunne T H, addeK T and TH rtogethcr, 

$ H, out of which ſubtra&t Kx god, fo have you 
p 7 d $7:ibe declination abafore. . 

Sine that df theſe wayes may for neceſſity bee prattiſed with « 
{ire board and plumline, without any divifions at all, the angle 
i be off from 4 chord, 

anple, in the triangle Z PS, let r 5 the heighth of the Sun 
alenconebe 20 d, o, therefore the complement thereof Z $ 
Wo; thedeclination of the Sunne Southward SM 1 1 d.3o', 

added toM P 90 d.maketh the whole fideP S 101d, 31' 

tbefore, the complement of the heighth of the pole 38 d, 
od Lieek the angle P Z'S, the azimuth of the Sunne,by the 
| tof0, s triangles, 


. + 


[ +95 foi'.39' 30” 
=, 5 7 © o 
ey F 38 28 o 


wy” 210 ' 1 30 


bf 105 © 45 oor5.0817? ,.: 
fthebeſe 3 27 15 Oat CAvith.comp . 


, tepder3 35 0 45 9758.7265 


66 32 45 '9962.5486- 

Totall 20959.3992 
 Whereof the halfe  10478.1996 Is the Logay, 
if the tangent of halfe the angle Z, from the North 71 4.36 
7, ed the cotangent of halfe the angle from the South 


i wa, 23333, 
tedore the double 364, 47 is the whole angle H Z r from 
vouth part of the meridian, Eaſterly to r, or the comple- 


Wereotto 1 80 d. vizr, 143 d, x 3\is the angle or azimuth 
dl 4: N, from N, the North part of the meridian to, 


| | 


1885 lappoſe the azimuth of the plane found by the ſemicir- 
ci re, tobear the ame time xr 544. 44, ſubtrat the a- 
the Sunne Hy 364. 47, out of the azimuth of the 
N87 54d. 44, there reſteth x H 17d. 57, the difference 
"7. _ Ey”- berween 
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between the meridian and thevlane, the complement why 
tog0d.is HY 724,23), the difterence between the,mgy 
and pole of the plane, the declinarion deſired, as by thedef 
on thereof appeareth, and is a South declining Eaſt 724.4 * 
Northdeclining Weſt as much, becaule the poles of they” 
K and Y fall between the ſouth and caſt, or northand yet 
inthe ſchem appcarcth, | | F/ 


Cnay, X, Theſccondpart. 


How to draw the hoare lines #pon 4 South or N orth erel 
declining Eaſt or Weſt, to anydeclination gives, 


22 Very ere plane lieth under ſome azinf 
5 other ; and thoſe only are ſayd to declinewſf 
I diftcr from the meridian and prime vera 


The Demonſtration. 


The declination therefore being thus attayned, (ors, 
other meanes you like beſt) then make the ſchem by tens 
ofthe fourth Chapter ; (which being inverted is thelams 
for north and ſouth declination ) wherein as before SBI 
the horizon, SP Z N the meridian thereof, $ the (out 
thenorth, E Z W the azimuth of Eaſt and Weſt, Gl 
cCeclining plane, the poles whereof are B and A the del 
from theſonth caſterly, or north weſterly $ A, or NB4 
ſo mnchdoth the plane D Z G declinz fromW and EU 
and Eaſt points in the ſchem, the houre circles draw 
fore) and proper to this plane,are the black lines paſling0rPanc 
the pole P, and croſſing vpon the plane G Z D, wider 
generally, that where they runne ncereſt rogether, ts f 
muſ2 the ſtile tan, and alwaye: on the contrary fidews 
clination, as in this ex2mple declining Eaſt, 1t thera 
ethonrhe Weſt fide, (fippoſing P te bee the Soutn pers 
tween Z and G,thereaſon whercofdoth manifeſtlya 9s 


ave Art of SHAD OVV ES. 


"1 
- 4 *1 & ""®; 
'# +& £ 44133; 


Woſtin the ſchem, wherein the plane declining Eaſtward , 
morfingHoures, together with the ſubſtile PR fall on thc 
Mlidethereof by the wotk,and contrary: for the houreline: 
Wyning fixed, if you ſuppoſe the axis A Z B,and the plane i: 
EGZD, (croſſing each other atright angles) to bee.mov<- 
yand ttirnedabout upon the center Z, till:A Z B comeint.) 
MaecU'7ZD, then will thedeclination be'Weſterly, an ' 
Pane ſtanding in theplace of the axis A Z B, will reccivc 
mernoone honres in the prick lines, running together on 
Falthde wich” the ſame angles that'now declining Ea't. 

doon the Welt ſide thereof; Bur the true reaſon is drav-:? 

iN the fitation of the place,” where the plane on which th 
Ede (wreſted outofthe true forme, to ſerve our ory | 
&. . SANA $53 7 3s T 4 | er ) 
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here) would be an horizonrallplane, and the ſubſtile iy 
all, the meridian there, which is in the longitude of 1 ' 
Eaſt from us, and latitude 26d. 6), as by the 8 x 

of the 34 Chapter doth e.. Now becauſe the plac 
this analogy holderth,lieth Eaft from us,the Sunne moyir 
Eaſt ro Weſt, muſt in common reaſon come firſt uponthy 
ridian before it commeth upon ours, which 


upon the plane by the ſabſtile line, muſt thereforebecky 
in the Diall,' that it may ſhew us the noone of that play 


houres, twenty cight minutes ſooner than ours, but y 
riſing Eaſt, ſendeth the ſhadow of the axis Welt, (and; 
eo the oppoſite part of the meridian wherein hee is) 
reaſon ——_— that the morning houres bee put enjh 
fide of the meridian, asthe cv houres are on the Fa 
and from the ſame ground, that the ſubſtile of every yl 


probuting the meridian thereof, muſt awayes fn * 7 
I 


contrary {ide to rhe declination of the plane, and 


lines muſt run neereſt together aboutt aro 


jn that poſition is at right angles with the plane. 


The eArithmericall calculation. 


ſy ts ungs thus enkuyere wy come to the m: 

tall, for the better perfor whereof three 

firſt found ; viz. SH tags 
__ I Theelevationofthe pole above the plane, re 

P R, which i the heighth of the ſtile, and is an archeff 


ridian of the plane berweene the pole of the worl 
plane. 


* 2 The diſtance of the ſabſtile from the meridian, tf 


ted by ZR, and is anarchof the plane between the! 
andt ſabſtile. 


"The angle ZP R betwirt the two meridians, # 


it 


ol 
" Sor 
. 
"Tt. 
44 i'r 
. 
f 
; 


| WL: R, the meridian of the plane, and the line? / bs 


meridian of the place, and they are oo found, 


Becauſe the Eble is the KBs fa of the plane, iro | 


pare of a great circle paſſing thorow the pole of the: 
croſli ling! mu plane 4: right Ine alas 9; inthe lup} 
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ePR Z,(for yer the place of R is not found)you 
PZ 3 8d. 28 ow eaihedag leP ZRthecom- 
 Terlination ys & and the fop ed right angle 
lethe fideP R, which is the th of the ſtile (as 
== ' 
refore by the firſt variety of the firſt caſe of right angled 
"4666 Ifay, 
Firſt, 
of PRZ go, & Troe000.0000 
the fde Þ Z 33 28 9793.83r7 
RErers,, bas; 
he com of the declinat. 45 9 9849.4851 
fn of the fide P R 26 6 9643-3168 
I. 6'is the heighth of the ſtile above the plane. 


- J Ws: finde the diſtance of the ſubſtile from the 


y the ſecond variety of the fourth calc ef R,$ 
6 orthe econdofthe third. For, 


T O00O £000 


of 9690, 1029 
kh:94. 20' is the diſtance of r fable from the meri- 


m iven, the angleat P between the two meridi- 


_ variety of the 1 2, 13,14,o0r 16 _ 
» For, 


Thirdly, Logar, 
the fue of Z 384.28 9793.83 


' bt mnbefuro ZRP 90 © 10000,00 
ps the fine of 7 R 29 20 9690.09 
| the ſine of ZÞ FI 57  g896.26 


Having 


114 The Art of SHavDovves Þ 
Having found the angle between the meridians to bee, 
57% you may conclude from thence, that the ſabſtile ha 
between the third degree and fourth houres diſtance fron 
meridian of the place, and therefore berween 8 and gof gf | 
in the morning, becauſe the plane declineth Eaſt ftromng #1 
clock being 45 d, from the meridian, and 8 of clock 604-1" 
ſtant, therefore now letfall a perpendicular between 9 
to enform the fancy in the reſt of the work, & this ſhall mil | 
the trianzle before mentioned, 8 ſuppoſed P R Z, whichba. 
found, thereare 2 wayes to calculaterhe houres arithmeielf 
The firſt by oblique ſphericall triangles (the fifr Caſe)rean® 
two works to every houre, for in the oblique triangle PF 
you hayethe angle atP given, 15 d. inthe equator, and ' 

le at Z given, 45 d. inthe horizon,and the ſide comprehalſ®. 
Ferre them P Z 38d, 28' onthe meridian, to findetie 
Z 11,the firſt houres diſtancefrom the meridiari upon the 
and fo muſt you proceed with all the reſt, but this beinnſ} - 
redious, Iomit, The ſecond way 1s both eafie and plans 
the former things being firſt found, for by help of the angſt 
tween the meridiansat P and the heighth of the ſtile Pj 
may finde all the houre diſtances as eaſily as you did in thewF” 
Diall, orif you will every two houres 90d. diſtant onelnf- 
theother, by one ſubtraftion and' addition of the ſame}. 
bers, orby two additions as you did in the horizontal. | 

And here-you may note, that in the former work youu 

all the houres from the meridian of the place, but when 
uſe the help of the angle between the two meridians, you 
the ciſfance of all thehoures from the ſubſtile each way, ſs 
' Is the meridian of the plane, i 2 


Elevation of thepoleSP 5 14,32' 
Data) Ch declining EaſtSA 45 © 


| Heighth of the ſtile PR Þ| þ- Þ. 0 
\ 2ueſita, < Diſtanceof the ſabſtile and meridian ZR . We 
Angle between the meridians R Þ-Z, je 


f 
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_ 4 | Hourts 2nd FE-qnino- Logarithmes 
6 True 
q pars Fom Gol di- | of tangents, houre 
- | the + | ances. diftances | 


957 | 8729.32 34, 4 
14.27 | 9054-4t| 6.28 
*1.57 | 9248.63 | 10, 3 
*9.27| 9395.07 | 13.57 
T7 9519.64 18.18 | 
44-27 9634.97 | 23.20 | 

31.57 9749.72] 29,20.| -* 
$9.27 09872. 20 36,42 
-4.66,57 I'O0014.4% 45.57 
| 74-27 | 19198.86 | 55 4x 
181.57 0492.77 | 72.11 
89.27 | 11661.96 | 88,46 


_ = — 
——— — — 


. Uff vo O 4 Hi oo win 4 hl 0d bv] 2 


— 


; Equino- Logarithmes { Hotre rs 
0 Riall di- | of tangents. | ches on 

* | ſtances, | the plane» 

OO —— — —_—_— 


09.33 | 7625.57 cf 15 
S. 3| 8793.86|3. 34 
15.33] 9087.77 |6. 59 
23- 3] 9272.22 | 10,236 
30.33] 9414-32 14. 33 
38. 3] 9536:90|19. o | + 7 
45-33] 9651.65] 24. 9 5: 
13: 3] 9766.99 | 39.19| * 
331 9991:55 [37-55] 7 
68, 3| I10038.00 | 47. 3] s 
75+33 | 10232.22 | 57.38 
$3. 3 10557.321 74.31 | 


_—F_. 


{© bof ** CCnwyw wj QOH WA winch TT" 


» 
Hf \ 
- 
o 


'N | 
br om orefore make a table for the houres diſtance, as for- 
' " 'T done,excepting that here you reckon the houres 
From the an rvacds from the ſubſtile, as you did before 
P meruaian ; beginning with 9, 10,171, 12,1, 2,0n the © © 


. 
, ky 
2 A LET % 
% KA Hs F 
PÞ5 EF FOG ed 
' 6 M : 
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one fide ; and ſo proceeding with 3, 4, 5, 6, 7,and ending 
$: on the other {ide ; then ſet unto every houre and pat. 
quinoRiall diſtance thereof from the ſubſtile : which zh 
gle at P, between the ſubſtile and every houre ; where 
9 of elock (the diſtance whereof is 45 d. from the mai F 
ſubtract 45 d.out of 5 1.57, thediſtance of the ſubſt | 
the meridian, and there will remaine 6d. 57', the diſtin 
9 ofclock from theſabſtile ; alſo becauſe 8 of clock is 604 
ſtantfrom the meridian, which is more than the diſtance 
fubſtile, take 5 x d. 57' out of 60d. there willremaine $4, 
diſtanceof 8 of clock from the ſubſtile ;all the reſt ofthehuſp 
and parts are eaſily found, by coycinuall addition of 15 &F 
an houre, of, 7 d, 30o' for an houre, and of 34. 45 
quarter, as by tbe table it ſc{ie doth plainly enough appear} 
Ing prepared, I returne againe to the ſchem, whereinll” 
| the rig angled triangle 9 PR to reſolve, therein P Rune 
the th ofthe ſtile 26d, 6', and theangle9P Ris gy 
afore, 6d. 5 7, and the right angle at R, to finde the fide 
by the firſt variety of the fift Caſe of R, S, triangles, For, 
fon | Logar. 
. MithejpmeofPRZ 90%, & 10060.00 _ | 
F tothe tangemt of RP 9 6 57 g085,.99 Wh 
So the ſineef P R 26. 6 9643432 | 
To the tangent of R 9 3 4 #£8729.31 


Then againe fubduR the cat gent of R Þ 9 out of the {i | be 
R Pand the '8 


Radius, and there ſhall come forth a Logar.ta 

I05 $7-3 3 the arch whereof is 74d, 31' the trne houredl 
of z ofclockatthe fame work, k which 1s 906 
Nant from 9 of clock. 2 
But i this rule ſeem troubleſome, follow the other, wil 
both plaine and eaſie, and performes allby addition only. 
againe inthe ſchem having done with the ſmall triangleW 
now work with the complement to 90 d, RP 3, by thei 
Caſe of R. S. triangles, For, = 


| Lvorth declining re. 
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k 44,48 =P 
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orc eeding with 3» 4» 5» 6, 7,and endi 1 þ: 
de ; then ſet unto every houre and parti. 
e thereof from the ſubſtile : which isth& 

the ſubſtile and every houre ; wherefy 

ſtance whereof is 45 d. from the meri 
of 5 1d. 57, thediſtance of the lubſtilef 
d there will remaine 6d. 57', the diſt 
efubſtile ; alſo becauſe 8 of clock is 604, F 
ridian, which is more than the diſtanceallf - 
57 out of 60d. there willremaine 8d. _ 
ck from the ſubſtile ; all the reſt ofthehadſ 
v found. by corcinuall addition of 15 4 
20' for an houre, and of 3 d. 45 
able it ſt doth plainly enough appears 
returne againe to the ſchem, wherein! 
angle 9PR to reſolve, therein PRi 
le 26d, 6, and the angle 9 P Ris gi 
the right angle at R, to finde the fide 
of the fift Caſe of R, $, triangles, For, | 
| _  Logar. 
90, f 10060.00 _ : 
'RP9 657 9085.99 
26. 6 9643432 


'9 .S _ #8729.31 


t the tangent of R Þ 9 out of the ii 
and there ſhall come forth a Logar.ta 
i whereof is 74d, 31' the trae houreduu 
fame work, ga k which 1s 900 
em troubleſome, follow the other, wil 
, and performesallby addition uy WY - | 
having done with the ſmall triangle Vn / - | 
complement to 90 d, RP 3, 6 14} | 
| | 
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Sth declining Weſt. 


Place this folio 117% 
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Logar: 


Wtheſneof PREZ 90i, © ' 10000,00 . 


BrtherangentefRP 3 83 3 1091400 
| the ine of P R 4246 6 9643.33 
uthe tangent of R 3 . 74 31 IO557.32 


yh produces againe theſame houres diſtance as afore. 


Now there being no variety in all thereſt of the work, bur 
| chang) the angle at P,according to every houtes diſtance 
m the bile, it is needlefle to reiterate theſame ; therefore 
anſcribe into a paper the Logarirh, ſine of -26 4, 6',the heighth 
Tſthe ſtile P R, which is 9643.39, for that being continually 
Sided unto the Logarith, tangents of every houres equinodiall 
Kaſtance from the ſubſtile, doth beget new Logarith. tangents, 
whole arches are the true houre diſtances upon the declining 
ÞlaneGZD, Thus if you adde to the Logarith, tangent of the 
B11 houresdiſtance 36 d. 57', 9876.32 the Logar. fineof PR 
"9643 . 39 (which you may do in the booke withour writing 
 Ihemdown) there will come forth a new Logarith, tangent 
$95 19.64, which giveth the true houre diſtance for 11 of 
_ Febek, 18d. 18', In the ſame place remove this Log, ſine to the 
$ogrrith, tangent of the complement 5 3d. 3', the equinoQiall 
Fhourediſtance of 5 of clock, 90d. diſtant from 1 1; and adde 
Fthem two together, and you ſhall produce a new Log. tangent 
$*79766.99, which gives the truce houre diſtance for 5 ofclock 
$3*d. 19'; and thus you muſt proceed with all thereſt, as you 
Ke done in the table aforementioned, Sp | 


The Geometricall projeftion, 
1 may. ro eaſily calculated all the twelve houresat ſix ope- 
4 ons, drawalline paralell to the horizon A C B, croſle itat 
43% nies in C, the lines C O r 2 ſhallbe rhe meridians, Take 
$4. ofthe chord, and making C the center, draw the ſemi- 
'! nm le AOB, repreſenting the azimuth G Z D of the ſchem, in 
Ml FRuch the ous lieth ; upon this circle from O to N ſet of the 
F>ancceof the ſubſtile from the meridian, which was found be- 
Jets be 294, 20), andthat upon the Weſt fide of the meridi- 
- 


an 
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an when the declination is Eaſt, on the Eaſt fide when wal. 
ly, Then take off the fame chord the ſeverall honre diſt 
they are ready calculated in the table, viz, 10d 36'for qi Ml 
of clock, 1 84, 18'for 11 and 1 of clock, and fo of therenWttl 
. ſet them both wayes from the ſubſtile upon the cirele 8Wou 
as the table it ſafe direteth ; draw ſtreight lines from tie? 
ter C to theſe ſeverall points, ſo haue you the true hour 9 
which were deſircd:Laſtly,take off the ſame chord thehe 
of the ſtile fonnd to bee 26 d, 6', which being ſet fromvu 
and a ſtreightlinedrawn from C thorow R, repreſent 
* axis, the Diall is finiſhed for uſe, . | Solt 
In applying it to any wall or plane, let A C B be horigt#0 
C O perpendicular, and the fide vr axis of the ſtile Ct g$8&'c 
- Ing to the South pole in South Dials, and to the Northaſs*4 
North Dials, erected at right angles over the ſubſtilelin( ofthl 
ſo have you fitted a Diall for any South plane declining 
Eaſterly. w 4h 
And now you have in this one Diall made foure toy 4 
vizt, a South declining Eaſt and Welt 45 d. and Noth 
ning Eaſt and Weſt as much, only placing the numbezali 
* boures and the ſtile reſpeAtively upon each plane, Tot 
this plainly appeares out of the former ſchem, ſappol 
were againe the North part of the horizon, and Pte Jerry 
pole, and that G Z D were a north declining plane 45 dE 
as much as the pole A is from $S, then do ail the houremey 
croſle the ſame plane as they did the former, only D218 
was in the former the Eaſt fide and afternoone houreyWe.-: 
now beD 10 Z, the Weſt ſide and forenoone hours, ll 
the reſt ; the ſtile alſo, which in the Eaſt decliningin 
tween 9 and 8 of the forenoone houres, will now inW! 
declining ſtand between 3 and 4. of the afternoone hou” 
leſt there ſhould yetbe any doubt conceived, I have dl | 
the fqure Dials aforeſayd, wherein you may plainely.# 
there is no difference at all between the South decuulh 
and rhe South declining Weſt, but that the forenoon no. 
the left hand of the meridian in the Eaſt Diall arc vm 
afternoon houres on the right hand of the meridian WF 
Diall, and cogtrary,the ſtile alſo gf nccellicy changing wa wh 


> vu F 
_S | 
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3 6 houres for the reaſons aforeſayd, 

there you may alſo obſerve each North Diall framed onr 
We-xocorretpondent South, only drawing the houre lines of the 
us + piall thorow the center ſtile and all, viz, the N Eout of 
m_l FW, and theN W out ofthe E, ſuppoſing B C D drawn 

WM of the $ W Diall, to bee placed upon the N Efide of the 

*- and B CD drawn out of the S E Diall, to bce placed on 

AW fideof the plane, according to the true nature and de- 
tionof cach plane,{ccing irfolloweth of neceſſity that the 
= de of the plane declining Welt, the North ſide thereof 
- W&clinech as much Eaſt, and contrary, and this alſo holdethin 
Meereſt of the lincaments belonging to each Dual, 

"Laſtly, one thing more may bee noted, naturally ariſing out 
this {chem, which few other will aftord, vizt,-all the foure 
""TDials ready drawn upon 1t, a good argument to prove the ana- 
bo ofthem, (mutatts mutand;s ) tor the Sotith declining Baſt, 


0 
F. the North decliningWeſt,are repreſented by rhe line G Z D, 


- 


"I bppoſing the one ſide of it according to the fite of the Poles 
i andB, toreſpe&t the North, and the other fide the South, as 


gore; andin the very fame manner1magine BZ A to bee the 
Clining plane, and G D the poles thereof, then have you S$ G 
buthdeclining welt,and N D a north declining Eait 45d.and 
wprickt houre circles, with the very {ame angles croſling the 
wo BZA, as formerly the black lined circles d14 G Z D, for 
78 bourecircles falling from P upon D Z Gin the fourh decli- 
"Fe caſt, ang north declining weſt ; as alſo upon B Z A inthe 
uh dezlining weſt, and north declining eaſt, have like and 

(ll interſeQtions,as by the þare in{pe Fion of the {chem doth 
Wpeare, From theſe reaſons I conclude, all theſc kindes of Di- 
al889debutone ; and note that in the table I have ſet the honres 
rae elt and eaſt declining together, that ir may ſerve for both 
T ws ſeing the houre arches upon the planes have the fame 
can diſtances in both, Now becauſe theſe kincJes of Di- 
oe <of all other moſt common in uſe, and to make them the 
coneW2"< conſpicuous to every mans eye, they are uſually drawn 
8) Arge, in which caſe it is convenient to uſe a rod for the 
WM ſtead of a plate ; which being made of equall greatnelle, 
""I&Nvolelengthlike a cylinder, the ſhadoyy of the ypper part 
| RA : | | towardg 
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towards the center (in Dials that have centers 
will crofle the houre lines when the ſhadow of 


willnot touch the ſame, and for this cauſe ſome do cont 
Diall to bee falſe made, not conſidering that the middis 
ſhadow ſhewes the true houre, and nether ſide of the 


——_ you may make the ſtile tapering, largeſt art} 


and ſo nolam leſle towards the center, as the Nour, 


do inthe Dial; for or ſecing the meridians arc 
equator, and che honre lines upon the plane, whether 


or narrower, arc equall in time ; from the diameter ofthy 
ter end (which is arbitrar )draw two freight lines, y 


in 4 point at thelengtho eſte, fo ſhall ir bee prope 
that the ſhadow may touch the houre lines all at once, 
| hs nn, er neere he ſubſtile a ſmaller ftile willſereeld 
whoſe ſhadow at the diſtance of the remoteſt hourey 
lane will vaniſh, not making an angle of 30', it willl 
w what muſt bee the lealt proportion of the ll 
ſhadow unco all the hourc lines of the plane. Suppoſe hg 
an equinoQiall line to bee drawn upon the plarie, at 
Rance you will from the center, croſling the fſtles 
angles, and the houreof 1 o produced beyoud the platic.1 
theline 1 N 7, intheformer Dll, at the diſtance of NG 
of an inch, (accounting an inch to a foot. ) Net 
ſaphottie Rk Radius ofthis equator N z in the ſame pt 
firſt Caſe of R, P. triangles, 
Logar, 
Atthe ſine of N e C 901, of 1 0006.0000 | 
FLroNC 17s + 0243.03 | 
Southefneoef NC 4 26 6 + 9643.39 | 


ToNea T9 —— 9886,4306 


Chara#. Compl.o, 


Therefore the length of N z is next hand 77 cen 
inch, which wy; bows NS Rata the equator is atangearl 
unto, and the diſtance of the houre of 11 upon the 


ſhall bee the naturall tangent of 66 d. 5 7', and the hows 


(the remoreſt croſſing rhe equator) ſhall bee the nat 
gentof $1 d. 57 727959, as appeares inthetable ody 


MY 


n, by 


j 
F 
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ſoot fthe ſtile, but from the top of the ſtile, which ſerveth 
ol it,is the ſecant thereof 714996, wherefore by the 
IF - Its ET 
, of R . Þ, triangles, 


v 4. 4, [uppoſed to be the di- 
axe from the Sn to the plane - 3 I 0000. 0000 
bo rangent of the [emidia- Co | 
er of the Swnme . . 7 of 15' + 9639.$150 
diftance in parts of the ſe- | 
from the top of the ſtile to 
perſeftion of the equator 
x upox the plane . k 714096 + $853,7566 
maiameter of the ſtile in | 4 
parts Eq « g OQr16- — 04935726 


_ . .:- Compl, Chay, 1. 


herefore fix hundred parts of the Radius next- hand ſhall 
liameter of the ſtile at the place of the Nodus ; which if 
llhavein parts ofan inch, as the Radius was formerly 
multiply 23116 by 77, ſo have you 02399, therefore the 
alamerer #48 parts of an inch next hand Uivided into' 
And tusbeing the leaſt proportion that can beg you miay 
belt, as you think good. : 


—— —— 


: 


CHAP, X I. 


to the houre lines vpon any plane declining farre E aſt or 
F,0r any other, tn which the houre lines runne cloſe toge- 
's by help of two equinottall lines without reſpeet to the. 


rl paſſe from declining 'planes, I think it fit to 
{ ſhew the making of thoſe Dyals which by reaſon 
AM of their great declination have ſo ſmall! elevation of 


_ 


yl the Tile,” that the houre, lines running cloſe roge- 
14 Te of little uſe without ſomeother help, Such 
threcliners arid declifing recliners; but chiefly all 
K thoſe,” 
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& that decline Eaſt or Weſt 80d, andupwards, In whict 
of the houre lines are but few minutes aſiinder, and thE 
thedeclination is to 90 d, the narrower are the houre 
by theſchem it ſelfe and this example following wull 
veplinly appeare. To remedy this, the ordinary way 1s 
abeame compaſie of 16, 18, or 20 foot long, upon a 
> floure to draw the Diall, and then to cut off the houres, 
nd all; at 10, 12, or 14 foot diſtance from the center, as 
Wibet fit theplane, but this being too mechanicall for them 
wWhare any trigonometricall skill, I omit, and rather com- 
Sac way following, by help whereof you may npon halfe 
Mirof paper make a perfe&t modell of your Diall, to what 
Mareſe you think fit, without regard at all to the center, 


Bf © 


The Demonſtration, 


\Thopoſe therefore that the wall or plane D Z D, on which 
would make a Diall, declincthfrom S to A, that is, from 
i Eaſterly 83d. 37 : Having drawn the {chem by the 

"ls tbe Furch Chapter, agreable to this declination, (as 
edoneinthis example) ſet downe the 4ara, and by them 


"te 9nefita, 
* Cen ofthepolePS. © 
Declination S A South Eaſterly Þ. 


: 
: 


F- 


BE Gee 3 58 
$922 Diſtance of the ſubſtile and meridian ZR 38 18 
7 ' 3 Angle of the meridians ZPR . «- 85 © 


F$Jou ſball finde the heighth of the pole or ſtile PR above 
pate to be 34, 5 8', by the firſt of the firſt caſe of R. S, trian- 
<ludſtile from the meridian Z Rto be 38d. 18, by the - 
he forrth caſe of R. $. triangles, And the anglebetween 
ans ZP R,to be 85 d. o' next hand, by the ſecond of 
leenth caſe; which angle ſhewes thar if the {ubſtile were 
—Wattbediſtance of 38 4. x 8' from the meridian,itwould 
En five degrees of 6 of clock upon the equator,crafſing 
Mifieuright zngics. © 
- ab. TEA K 2 


"7 


vp ; Heighth of the ſtile PR 


$4 
7 
$1 
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___-» Thefirſt Tablefor 83* 37. = 
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The Arithmeticall calculation; 


Þ Nowberefore make a table of houres, halfes, and quarters; 
| good, according to the firſt example, wherein eve- 


Foul 


Cl 


struediſtance and 
ter, and necef] 


part, is calculated by the rules of the 
ary if. you work from a ſuppoſed 


: + but beginning from the equator, you ſhallnot need to 
@ t& paines, the equinoRiall diſtances alone from the ſub- 


F4Y 
: | 
' 


Yile, $9 their naturall tangents (both which are had without 
alot calculation) being altogeher ſafficient for this turne, 
may ſee in the tecond Table, Adjoyne therefore unto 


goureand part the equinoRjall diſtance thereof from the 


Pn ge etl; 37 
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SR... Oz 
wr una v1.00 


96s 
62 we 
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Equino- 
Gall di- 
ſtances, 


35 © 
27 30 
20 (#] 


12 30: 


$:..": 

Snbſtile 
2 

10 

17 

25 

32 

40 


| 


Natu- 
rall tan- 
gents, 


709 
$20 


364 
221 


ſubſtile,v:ze, for 6 of clok 5 d. 
for 5 of clock 20d. for 7 of 
clock1o d, for 8 of clock 25 d. 
and ſo of thereſt, as you ſee in 
the example ; and unto them 
adde the natura!l tangents of 
each houres diſtance, fſo1s the 
table prepared for uſe, by 
which you may eaſily frame 
the Diall to what greatneſle 
you will after this manner. 
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The Geometricall projettion, 


Proportion the plane B CDE, whereupon you wil 
the Diall, to whar ſcantling you think fit, as hereit vt 
foot, and ſeven foot, allowing for the ſcale an inch to 1 
let V Rdparalellto B E, be the horizonrall line drayn 
you will, upon any part thereof, as at P, make chai d 
place for the perpendicular ſtile, (though afterward 
uſe another form) neere about the upper part of the ply 
cauſe the great angle between the two meridians malp 
ſubſtile which muſt paſſe thorow the point P, to fall 
the 6 of clock houre, that you canput but one houre 
if you will bring 11 of clock, more uſefull thang 
lane ;letPbe the center, and with any chord (they 
tter) make two obſcure arches, one above the aw 
line,the other under theſame ; off the ſame chord take il 
theangle between the ſubſtile and horizon (which uh 
emenr of the angle between the ſubſtile and meridgh 
& titfrom Y to T both wayes, draw the, {treight lui! 
',- - Which ſhall bethe ſubſtile of this Diall. This done, Wil 
equinoGtiall line in your imagination, (or draw a dal 
If you will)cutting the ſubſtile at right angles, as nectne 
place as you can gueſſe, upon which proportion the Wl 
*either of the extreme houres of the Dyall, as g or 8 
> may juſtly fill theplane : for example, let 5 of clocking 
ef an inchfrom theſabſtile (which is 9 inches off accom 
&  Inchtoa foot)&T would find out the length of theradk 
+. able thereto, by which to try if the other extream bor 
£24: th fall outconvenicntly upon the plane, wherefore# 
Ee Taartcafe of R. P. triangles, I ay, FH 


eArr Hthe tangent of 204. the equinoTiall di- 


+ fanceof 5 of clock from the ſubſtile 
=  itotheliner H 075 parts . 


 Sex#theradius HG mpon the ſubſtile þ. 
be: Ts the line HG;or HO + 208L.Darts 
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© Orby the ſamecaſe, 
| Logar, 
theſmeofr GH20d, + 9534.0516 
th bner H 7s parts — 0124.9387 
th fine of Gr H7od + 9972.9858 
he line G H 2061! parts + 0313.9955 2 
w making the line G H 205 the Radius, that is, 2 inchew 
parts, and opening the ſeRor to the width, try whether 
Þthenaturall tangent of 70 d. the equinottiall diſtance of 
of dock from the ſabſtile, ſet off from H upon the equino- 
Aline, willfall within the plane ; if not, make this Radius, 
Jconſequently the houres greater or leſſer till they juſtly fill. 
which will follow in due proportion, becauſe the e- 
Sunodizll lineK H Y, isa tangent lineto the circle, drawn up- | 
Jathe Radius, or ſemidiameter HG, From this ground you WT 
wall finde the length of the Radius by the greatneſſe of the VF 
ane, (asinthe ninth Chapter) adde 354 and 2747 the naturall 
neents of 5 and 1 1, the two extream houres together,ſo have 
111 that is three times the radius, and rhundred parts,for . 
he diſtance of thoſe two houres, by which divide the radins |; 
encreaſed for more exatneſſe with as many ciphers as you .- 
fll) the quotient will bee 321, or ſeeke the arithmeticall '* 
paplement of the logarithme of 3112 in the chiliads, vizt, 2 
507.1000, and that ſhall give you the length of the radius 331%, 3 
| fore. Then open the ſeRor to the width of 5,and It, : 
Which two points you may aſſigne where you pleaſe ponthe. 
qutor) take thereof 32 parts, which ſhall bee the true length © 
tf the radins deſired, When you have fitted the radius forthe © 2 
two extream houres, all the reſt may be put on by the tangy 4 
Proper tothem, bur it will be firſt neceſſary to finde thelength 
of the perpendicular ſtile, by help whereof to draw the.equis. 
boctiall line in the true place, therefore in the triangle HOP, 


3 ht angled at P, by che firſt caſe of R, P, triangles, f 

the pneef HPO go!'o' + 10000,00 ' 

| , | to the lize HO 2v61 O03 14.00. | oP 
Puthe coſine of HO P 358. 9998.96 

op othe line o p 2056 TO3Ing6... 
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Wwillwork by the ſcale of inches, or in naturall cangents, 8hÞe 


The Artof SYHaADowwes, 
Now making 29565 vizz#, 2 inches, and ,.£< parts, the 


of the perpendicular ſtile OP to be the radius, the ſubſtily, 
ſhall bea tangent line thereunto, and P H the diſtances 


quator from P, is ®69 parts, the naturall tangent of 3 d, 5 


PAL 


the ls 
heighth of the pole aboye this-plane, Þy which po” 
draw the line before imagined, which, if you have not! the las 
will cut the horizontall line at 6 of clock, and make'an. - 
with thehorizon of 38. 18', equall to the diſtance of /0#' 
ſtile from the meridian ; upon this line (making HO, qyhbebn 
to bee the radius) you may by the former rule with a allo the 
inches, or by the {eftor, or by aline divided equall to HO/&gel 
the firſt Chapter) by help of the naturall tangents aforeilflrati 
on all therelt of the houre diſtances that you deſire, for cxnſſewb 
in 11 of clock, by the ſecond caſe of R; Þ, triangles, 


As the radius H Gor HO 1000000. Þ 
——Cc—_ 


Sors H11 thetang, of HG11 wo*s 1043893 
TothelineH 11 5 662 X0752.93. | 


| For. © Þthe 
Which is 5 inchesand £5 hundred parts for the diſtance F,, 
of clock from the point H, and fo of thereſt ; or for brenny, 
fake, take the logarithm of H O 031 4.00 into a peeceofppl Fo 
& ad it to each Log.tangent of 5 d. 109.25 d.4od:&cbl}* 
you beget new logarithmes, which being found in the chilalhrin 
ſhall yedld abſolute numbers, that taken off the ſcale of incilllin 


_ andſetfrom the ſubſtile both wayes, will give the true iſa or 


ar 


of each houre and part upon this equinoQiall line, preea 
with the naturall tangents aforeſaid taken off the ſector Haihic 
done with this equinoQiall, you muſt do thelike with anotlaſy, 

which may bee' drawn above or beneath this without relpethþ i 
to finde the place whereof, it will bee neceſſary firlt to kno 
the lenghth of the whale line from H the equino&iall to, ul, 
centerot the Diall in parts of the perpendicular ſtile P O, yt 


the ſecor”; whetefore by the ſecond caſe of R. Þ, triangler.” pn 
Lit N07) z +? bf bf DNS IS $3 ood EOSIN y . 
FTE | ; 
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hel Logar, 
tile, radius Þ O _T0000.00 
ea r.weP O 206 | 0314.07 
dE he tangent of POH 3%58' 8840.99 
"3.he line Þ H o14 — 9155.06 
== ” Compl, char. 0, 
by | outhe tang, of P O41 362 11159.00 
. orfficbe ine Þ center 2972 X1473.07 
| ſealethe two lines of 014 and 2972 together, ſo haye you the 
10/&oleline 2985 from the equinoctiall to the center, in parts of 
rehiSrafusP O, vizr. 2 9 inches, and ,<* parts, out of this line a- 
cxale hat parts you pleaſe, (if you will draw the ſecond equi- 
Kiilline above the firſt, or adde them if you will draw it 
\ Þ&)fuppoſe 34: thatis 3 inches and ;& parts, which ſet from 


*; FtoLupontheſubſtile, draw another equinoRiall by L, para- 
2 Yrothe former ; then will LO bea new radius for this equi- 
0” Ital line, as H O was for the former, and is thus eafily found 
93  Wtbefourth of the ſpxxt book, of Enclide, 


4 Logar, Ar Compl. 


* Þthewhole line H center 2936s 8524.90 
ad 0 the Reding H O in parts 206 - 0314.00 
of | Lc (34: In, being abated) 2643 1422.10 Ar.compl, 
of (i radins LO 5n parts 132 X0261,00 


Warns thelength of LO one inch and ;2 parts, makethat the 
* inc ls, then ſhall M L 4 be a tangent linethereunto ; open the 
or to the width of LO, (or divide-aline,as in the firſt Chap- 
SF) indtake off from either of them the ſame houre diſtances, 
«Hit ſet upon this equinoGiall line, as you did upon the for- 
WOug two pricks for every houre (upon each equino- 
v4 ine one) by which to draw the true houre lines, withont 
0 mF=9tothe center atall. Now may you draw a line from O 
| pe 9, at thelength of each radius H O, and L O, which ſhall _ 
), IRE true heighth of a triangular tile repreſenting the axis, - 
5 F* contuued as farre as you will ; which you may alſo finde 
7, PpachequinoRiallline for more certainty fake, in this man- 
' F;h1the firſt caſe of R, Þ. triangles, | | 
"I - eAs 
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Logar. 
As the fine of HKO 86'2 9998.95 
er L MO © OY 


H 0 296 0314.00 
Ts to the line< or ka 
LO 132 0261.00 © W 
So the fineef HOKR ygo'&' 1ooo0.00 Lap: 
or L O M1 2. "n Lt 


HK 2066 0315 OF he rac 
' To the lineC or | Kerfore 
CAR LM 1829 0262,05 dot 


| 


Ser of 2066 inches from H to K, and 1829 inches from LY 
(by help of a ſcale of inches) fo have you fower prick wg... 
the axis by. | os 


The operation b 'y naturall T angents, 


But if you will work by naturall Tangents only, you 


withſomelefle labour attaine your deſire inthis manner :Þ 
ving drawn the horizontall line and ſubſtile as afore,propatifkgle 
the length of P O the perpendicular ſtile,to what (cantlinWec 
will: let thatbe the radius, then is P H the naturall tanvdioor 
3d. 58', 069 partsof a radius, which take off the ſefor "is 
to the width of P O, and ſer it from P to H ; next let HOW 
radius, and ſet off the naturall tangentof 20 4, 36« fromlifhh 

"wards for 5 of clock, and the naturall tangent of 700hpa 
from H downwardsfor 1 1 ofclock ; if theſe two houreWhhe 
ces fit the plane to your liking, proceed,if not, make P Oglla 
or leſſer as you ſeecauſe, according to which the diſtanceQ@te 
from P, by which the equinoQiall line muſt bee drawn, Wdtny 
length of H O, andthe width of all the houre lines doptt 
tionally vary; Or if you like it better, you may at firlt ( 
former rule) finde the-length of P O proportionable Wl 
width of the two extream houres 5 and 1 1, which you 

_ preſcribe at your pleaſure, Having fitted the houres upmpa 
line, draw another ; to performe which, let P O bee tne!qpour 
againe, then is PH the naturall tangent of 3d, 5 8,999" 
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1p center, the naturall tangent of 86d. 2', 144!, adde them 
ther, you have the whole line H center, 14499 that is 14 
«theradius, and ;2 parts,out of which ſubtra& what num- 
Frarts you Will, the reſt is the diſtancefrom the ſecond e- 
-Qiall to the center, ſuppoſe 1 58 that is 1 radius and ;£2 
« which ſet from H to L, by the point L draw the line 
Laparalel] to the former equinotiall, and there will remain 
\Ltothecenter 1291, Now ſeck thelength of L O which 
tradius for this line, as H O was for the former, let HQ 
Keirfre be given in ſome khown parts 32: that 18,23 parts next 
{of the width of the two extream houres 5 and 1 1,6y the 
on fourth of the ſixt booke of Euclid. 
n LS Logar, 
ol the whole Line H center 14499 + 1161.08 
| Sitheradins H O tn parts 32 — 0493.50 
uthe line L center 129! + I110.92 
the radics LL O in parts 286 — 9456.34 
1 Compl, char. ©, 
Wow making L O the radius, open the ſeRor to that width, 
Mdfet on the naturall tangents of every houres diſtance upon 
equinoAiall line, as you did upon theformer, ſo have yon 
pricksto draw each houre line by, as you had before ; the 
bor ſtile line K O M-O is found as in the former work, which 
tcroſſe HO and LO at right angles, and being drawn,you 
fedone, All this by help ofa line of 1 2 inches divided into 
F = and = part abdivided into 100 (as hath been former- 
bewed) may be eaſily transferred from the paper into the 
ie. Thus may you take your choyce, whether you will give 
Þ Width of either extream houre, and from thence argue the 
gu of the radius, andother things unknown ; or elle give 
-{ength ofthe perpendicular ſtile, and by that proportion 
relt; or thirdly give the capacity of the plane, and thereby 
F<tthelength of the radius, &c. for all three wayes you may 


oF lyobtain your deſire. | 

pay” And note, that if you will content your ſelfe with fewer 

*Þ.3. 1. 2 may put the ſubſtile into the'middle of the plane, 

£ans in but the houres of 4and 9, you may make _ 
oures 


(* 
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houresdiſtance twice as great as it was ; but if you be nov 
fined by the plane, neitherare youlimited in the width of $898 
houre lines, 08 
wime 
A ucl 


= 


[2 
» 
- 


— — —_— 


Cnar, XII. 
T 0 araw the houre lines pon any dirett plane, reclining or ig | 
ning Eaſt or Weſt. '' 


>@A Itherto I haveonly ſpoken of ſach planes” * 
P either paralell or perpendicular to the hor, 
A all which, excepting the horizontall, liein 
Y plane of ſome azimuth or other : Thereſtt: 
2 tollow are reclining from the zenith, or infÞ}” 
£ S>W@ ning to the horizon, according to the relpaſ® 
ofthe upper or nether faces of the planes. In theſe thet 
aline in the plane, paralell to the horizon, and alwayes fituf” 
in ſome azimuthor other, So doth the baſe of the Eaſtz 
Welſtreclining plane lieinthe meridian, or South and Nor 
azimuth, and the poles thereof in the prime verticall ; but ul 
plane itſelfe in ſomecircle of poſition, (as it is aſtrologicallyt 
ken) whichis a great circle of the Sphere, paſſing by the Non 
and South interſeions of the meridian and horizon, and fallm 
Eaſt or Weſt from the zenithupon the prime vertical, asmu 
as the poles of the plane are elevated, and depreſſed above # 
under the horizon. And this kind of plane rightly concen: 
and repreſented in the ſchemby NOS orN gS, is no op 
butanere& declining planein any Country where the poſe! 
elevated. the complement of ours : for if you conſider 
Sphere, it is apparant that as all the azimuths repreſenting 
decliners, do croſſe the prime verticall inthe zenith, anda 
right angles upon the horizon, ſo do all the circles of politiſi 9, 
repreſenting the reclining and inclining Eaſt or Weſt plats 
croſle the horizon in the North and South points of the mer 
an, and fall at right angles upon the prime verticall, *% 
which analogy it commeth to paſſe, that makinga Dialla 


TILE 
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ke 


of $8i0g 30 d. from the meridian, it ſhall bee the fame that arecli- 
Eine 30 d. fromthe zenith, and contrary, only changing the. e- 
ration of the pole into the complement thereof, becauſe the 
vime verticall in this caſe is ſuppoſed to be the horizon, above 


Echich the pole is alwayes elevated the complement of the 
heighth thereof above the horizon. 
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A El fthe pole 51 32' NP 
ſti evation of the pole . 51 32' 
ans _ ns po 35 © Z3,orZg 


wall | x Theheighth of the ſtileP R 261 41" 
lf} -22eftad2 The diſtance of ſubſt, & merid.R N 45 523 

of 3 The wgle between the meridians RPN 66 27 
K | x 
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The Demonſtration, 


Before the making of the Diall, draw the ſchem by thenilhgbe ta 
of the fourth Chap. then find (as in all decliners) firſt the qfThed 
tion of the pole above the plane,which 1s P R, part oftheaÞ + 
dian of the plane, beeween the pole of the world and the plat 
ſecondly, the diſtance thereof trom the meridian of the ph 4 
which is N R, part of the plane betwixt the ſubſtile and nix ( 
dian : thirdly, the angle betwixt thele two meridians NM +7 
by which you may calculate the houre diſtances as inthe; the 


cliners. _. Fe | 
Firft therefore in the ſuppoſed triangleNP R (becauſe i * ; 
know not yet where R ſhall fall) you havethe right anglea$;$;; 
the fide oppoſiteP N 5 1d. 32',& the angle at N,whoſeme Fi 

isthe reclination Z O 35 d.to finde the fide P R, the elewngh] 
of the pole above the plane, or the heighth of the ſtile, hhd8 
firſt or ſecond varieties of the firſt caſe of R. $, triangles, 7 


Firſt, y MTS 
eAs the ſneof PRN 90* & To0000.00 
Ts to the ſine of thefrde PN 51 32 9893474 
So zs thefneof P.NR 35 © 9758-59 
To the fine of the ſide P R 26 41 YF9652.33 
The heighth of the pole or ſtile above theplane. 


Or -—_ if you will in the quadrantall N Z O, by theſame 
caſe. 
| | Logar. 
As thewhodle ſue NZ go* & 10000,00 
Is tothe fine of N P 51 32 9893.74 
So i the ſine of Z O Wn. 9758.59 
To the fineof Þ R 26 41 #9652.33 


- Secondly, you may finde the fide N R; whichis the dil 
of the ſubſtile and meridian, by the two varieties of theſe 
third, and forth caſes of R, S. triangles, © | 
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Tr of PRN got & 10000,00 


m the 149 ent of the baſe PN 521 32 I0099.91. 
Wh ore of the angle PN R i. 9913.36 


* 9 or Wi or tRT 45 52 210013.37 © 


eof the ſubſtile from the meridian. 


- 


- *& 
”s 
: 


the angle at Þ between the two meridians may bee 
le... by the two warzeties of the 11, 12,1 3, 14, 15 ,and 
Ss x6 taſes of R. S. triangles, 
BH Logar. 
kefine of the fide P N 51132' 9893.74 
Fe fine of the —_ RN 9go © 10o000,00 © 
9 fine of the f eN R 45 52 9855.95 
ef + of theangleRPN 66 27 © 9962.21 


ml The ngleat P being 66d. 27', muſt needs fall between 7 
h T: lock, becauſe 8 is 60d. diſtantfrom the meridian,and 
W754. diſtant, therefore now let fall a perpendicular from P 
Bk,bmewhat neere the middle, between 7 and 8 of clock, 


lick will help to direR the fancy in calculating the houres. 


. 
e 
|: 


S | Logarithmes | Houre ar | 
| | ofrangenes. | ches on 
g: 4 . the plane ' 


8705.61 20,54 
9047-49 | 6,22 
9246.62 | 10, © 
9395-19] 13-57 | 
9520.95 | 18.21 | 
9636.41 | 23.25 
9750.95 | 29.24 
9872.70 | 36,43 
IOO1T 3.00 | 45.51 
IO193,4TI | 57.21 
0475.25 | 71.29 
11399.22 | 87.40 | 
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: F { Houres and | Equino» F Logarichmes j Hourear- | 
14 | parts from | Quall di- | of tangents. | ches on FOY | 
gi. 1] the ſubſtile- | ſtances, the plane. 
: ou — ; — —_ ———— - C————s 
; s | 1%. 3'| 7905-45 | Of 28 Fey - | 
119 17 | 5 |8. 33| $829.42 | 3. 52| 34 
| xz. | 16. 3| 9110,28 | 7, 22 3. 30 
it { 6 6 |23-33| 9291.62 |I1, 4 : 42 
| * [31: 3| 9481.94 | 15. 8 4 q 
| 5.| 7 | 38:33] 9553-42.|19.4r|* 33 
| 5 | 46. 3 | 9668.26 | 24,59 h ol 
[4 | 8 [58.33] 9783-92 | 31.18] off 
| | + |6r. 3] 9009.47 |.39. .4| 7 * I 
| 3 | 9 | 68.33 | 10058.05 [| 48.49 9. | 
: | 76, 3| 10257.68|61,. 3 ys 
| 2 | 10 $3.33 ' 10599.05 | 75.50 | _ 
' The Arithmeticall calculation, +3 


[<I'% 


Now make the table, (as heretofore dire&ed) beginninonfþ | */ 
$ of clock, and ending with 7 ;, as you ſee in the 
down by thoſe houres all the equinoQiall diſtances fron - 
ſabſtile, iz, for 8 of clock 6 d. 2 7' for 9 of clock 21 d.27W 
fo ofthe reſt ; then ſeek the true houre diſtances npon the _ 
by the firſt-variety of the fift caſe of R. $, triangles ; for intel 


angleRP8, | 

2H Logar, 
As the fine of PR8 god & To000,00 
Js to the tangentof P RY 6 27 905 3.28 
So 14 the ſine ofthe ſide PR 26 41 - 9652.33 
To the tangent of thefide RY - 2 54 X8705.61 


This 2d. 54' is thetrue diſtancetof 8 of clock from t , 
ſtile, And there is no other differenceart allin calculaing FF” 
relt of the houres, but encreafing the angle at P account 
each houres equinoQRiall diſtance Wo the ſubſtile,  F 
®- Thereforenow take into a Paper the Logar. fineof PRE 
©” elevation of the ſtile, which is 965 2.3 3, andadde1t conmye” 
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The Artof SHA 

” 2ents of every | 
Pac topr ey ſtand mm tt 
c = 4 s, the arches 
«robe fetfrom the ſubſtile 
The extwple you {ce done. 


The Geometrs 


necalculated the houre d 
+ Let AD bethe baſe, 
| alt oN Z $ the meridian li 
dlanereclining 35 d. from 
þ oro ary part of the p 
&) draw a line paralell 
G 32, the 1 2 of clock hou 
ſethe baſe A D isp 
chord, and making 
Ore relenting the circle c 
zhichthis plane lieth : From 
eſtredining, and eaſterly i 
7 _ + LE) _ mop : 
WW = w the prickt line 

wil; UAV Fee, i | 7s | M0 ited PR in.the ſchem ; G 
en ul I! nl NIN jj PNof the meridian in the 
| epane, From the point F 

i0 137» 
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ble doth dire&t you )ſet of 
word ; viz#, for 8 of clock 2 
of clock 10d,1', andſoof t 
[the center G thorow thoſe 
elines deſired, Laſt of al 
$-47'being ſetfromR toP, 
| is of the ſtile, which muſt 
MG? at the 4 le RGP | 
WR, and ler the point P* 
: 2placed i in the meridian, 
Þ: and theplane at E Felev: 
<you finiſhed this Dijall fe 
Fmneriſeth but alittle befo 


*$229< , 
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-@cethis folio 137, 
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1car;tangents of every houres 

ms AM £9. an ſtand in the Table, fo ſhall you produce 
"los. zene! 3 the arches whereof are the true houre di- 
owe fetfrom the ſubſtile both wayes upon the plane, as 
xe eximple you {ce done. 


F: The Geometricall projettion, 
Hn q lated the houre diſtances, you ſhall thus make 
Dalls Let A D be the baſe, or horizonrall line of the plane, 
Sls N 2 $ the meridian line of the ſchem; and ADEE 

weteclining 35 d. from the zenith, as doth $S O N of the 

khorow any part of the plane (but moſt convenient for 
are) draw a line paralell to the baſe A D, which ſhall 
G32, the 1 2 of clock houre, repreſenting NZS of the 


Keatecarſethe baſe A D is paralell to the meridian : Take 


hechord, and making G the center, draw the circle 

0 preſenting the circle of poſition N 3 S of the ſchem, . 
VaGUus plane heth : From the point Oto R weſterly in 
ealtedinms, and eaſterly in the weſt reclining, ſet off the: 
attheſabſtile and meridian, formerly found to be 45d. 
fda the prickt line G R, for theſubſtile agreeable to 
taPRinthe chem ; G O of the Drall, repreſenting the 
INof the meridian'in theſchem ; and O R the arch NR 
wpane, From the point R of theſnbſtile both wayes(as 
Etdothdiret you) ſet off the houre diſtances by help of 


Jearrd; 24x, for 8 of clock 2 d. 55', for 7 of clock 3d.51', 


Wotdock 104, 1, and ſoof the reſt, and draw ſtreight lines 
ithecenter G thorow thoſe points, which ſhall be the true 
elmesdefired, Laſt of 'all, the heighth of the ſtile P R 
Hem bay from R to P, draw the ſtreightline GP for 
Weot theſtile, which muſt give the ſhadow tothe Diall : 
66 Þ at the inglc R GP perpendicularly over the ſubſtile 

Þ®, and ler the point P'bee directed to the north pole, 


"4 placed in the meridian, the-center G reſpeting the 


A 


or rm 5 4 \y 
*. ." 


. 
, ” 
Ti 
$ _ - 


and theplane at E F elevated above the horizon 55d. 


"Wryou finiſhed this Djall for uſe, only remember,becauſe 


A-neriſeth but a little before 4, and ſerterh alittle after 8, 
C RL, 1 ro 
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— 
4 = 


angents of every houres equinoCtiall diſtance and 
Whey ſtand in the Table, fo ſhall you prodnce 
zwents, the arches whereofare the true houre di- 
*tfrom the ſubſtile both wayes upon the plane, as 
you ſee done. 


The Geometricall projection, 


(culated the houre diſtances, you ſhall thus make 

zt A D be the baſe, or horizontall line of the plane, 

[Z $ the meridian line of the ſchem; and ADEF 

lining 35 d. from thezenith, as doth S O N of the 
wary part of the plane (but moſt convenient for. 

draw a line paralellto the baſe A D, which ſhall 

the x 2 of clock houre, repreſenting NZS of the 

Hethe baſe A D isparalell to the meridian : Take 

bord, and making G thecenter, draw the circle 
nting the circle of poſition N 3 S of the ſchem, 

plane licth : From the point Oto R weſterly in 

me, and eaſterly in the weſt reclining, ſet off the 
elubſtile and meridian, formerly found to be 45d. 

wthe prickt line G R,, for the ſabſtile agreeable to 
PRin.the ſchem ; G O of the Diall, repreſenting the 

the meridian in theſchem ; and O R the arch NR 

e, . From the point R of theſubſtile both wayes(as 

oth dire&X you )ſet off the houre diſtances by help of 

$27, for 8 of clock 2 d. 55', for 7 of clock 3d.51', 

(ek 10d, 1', and ſoof the reſt, and draw ſtreight lines 

enter G thorow thoſe points, which ſhall be the true 
—Iedefired, Laſt of all, the heighth of the ſtile P R 
"Wing ſet from R to P, draw the ſtreightline GP for 
Wtheſtile, which muſt give the ſhadow to the Diall : 
= A031 ngle R GP perpendicularly over the ſubſtile 
= and ler the point P'bee directed to the north pole, 
—FPaceain the meridian, the-center G reſpecting the 
4d theplane at E Felevated above the horizon 55 d. 
9 finiſhed this Diall for uſe, only remember,becauſe 
Emertcth but alittle before 4, and ſerteth alittle after 8, 
F L ro 
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toleave outthe houres of 3 and 9, and put onall the rea 
And thus have you(as before )at one work made forelifnesy 
vizt, the eaſt reclining, and weſt inclining as much, eine 
them repreſented by the circle N 3 S, wheretn there is nay 
ference but the ſtile repreſenting the north, and theplalM thi 


zenithin the recliner, but the ſouth pole and nadirin theflhught 


ner, and the number of the houres alrered, as the rariited 
the Dials will require, In like manner, theſe Dialsdoddole#1 
agree with the other two, viz, the weſt reclining y alli ( 
the caſt inclining as much, as by plaine ocular inf pthin| 
peareth in the ſchem, where all the houre circles 
from the pole do cnt the planes of the two laſt ſort off 
preſented bythe circle of poſition N 9'S, with the wi 
angles that they did the other two repreſented by the 


_ polition N 3 S; only the former cautions obſerved, ofdi 


the ſtile, and writing the houres ; which being plaeda 
ſide the meridian, as the ſchem it ſelfe direReth, yall 
erre, Theſe things conſidered, that there is no ett 
rence between theſe Dials, I make all foure to be batons 
atorefayd. , | 


»! 


CHAP, KILL 


To draw the houre lines upon any aireft ſouth recliigi mA 


ning plane, 


planes doth alwayes lie in the mend 
place, or paralell thereto, and:thepol 
prime yerticall ;fo doth the baſe« in 
north reclining, or inclining plan 
prime verticall, or azimuth of caltait 
and their poles conſequent]y/inthemt 
from whence (as all other planes do) they receivers 
mination. And now it you ſuppoſe the circle « 
( which, Altrologically taken, is fixed in the interſe If 


>>. S the baſe of eaſt and weſtreclininga 


Jy 


; 
= 
. 
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and horizon to move about upon the horizon, . till ir 
Mao the plane of the primevyerticall, and being fixed in 
Wietion thereot with the horizofi, to. bee let fall either 
: yh ithe zenith upon the meridian, it ſhall truly repreſent 
1 &@ath and north reclinihg, and inclining planes alſo, OF 
W ver6 are (ix varicties, three of ſouth, and three of north 
ne For cither the ſouth plane doth recline; juſt to the 
4Sob-md then it becommeth an equinoGtiall plane, as I 
54 alli (or polar as ſome term it). becaufe the poles of this plane 
e@ilc in the equinoRiall : Or elſe it reclineth more and 
tan thepole, and conſequently the poles of the plane a- 
ad under the equinotiall, fomewhat differing from the 
£: In like manner, the north plane reclineth juſt to the 
bakkiall, and then becommeth a polar plane, as I call it, (or 
WeQtiall as ome term it) becauſe the poles of that planelie 
Soles of the world : or elſe it reclineth more, and lefle 
we equinoRrall, and conſequently the polcsof the plane 
ore dunder the poles of the world, ſomewhat diftering 
nthe former, 


o'; 


- 
* * 
x 
£ 
a it, 
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The Demonſtration. 


Tele ſeverall forts of planes are all plainly repreſented to the 
Fe, (inthe {chem adjoyning, drawn by the rules of the fourth 
er: ) by the fix prickt circles, whereot the threeto the 
["rtward of E Z W ,are the three ſouth recliners,and the three 
"Ptefourthward of E Z W, arethe three north recliners; ſo 
Wedecauſe thEpoles of thoſe planes have ſuch reſpeRt to the 
_—_ ad ſouth parts'of heaven ; fand are elevated above the 
mn nd fourh'points of the horizon N and S, Tag 
Tot therefore of the equinoRiall plane, and Diall to bee 
mt thereon, repreſented by the circle EP W : wherein - 
Sy obtcrveout of the ſchem itſelfe, that this plane (lying 
E565 of clock houre circle, as the eaſt and welt do in the 
aan) noneof the other houte circles do cut the ſame ; and 
re (as inthe ninth Chapter) you may conclude, that the 
Is us lines thereof] ive nocenter to meet 1n, but muſt bee pa- 
== Me toanother, as in the eaſt and welt Dials they were. 
==” . L 2 And 
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o «lf 


And becauſe this Diall is no other but the very horizatll 
right ſphere, where the equinectiall is zenithy and thepouſ+ 
the world in the horizon, therefore it is not capable 

of clock houre (ne more than theeaſt and weſt areoltelF 
clock houre) which vaniſh upon the planes, unto wha! 
areparalell : and the 1 2 of clock houre is the middlelint 
Diall, (becauſe the meridian cutteth the plane of 60d 
right angles) which the Sunne attaineth nor, till heve"F 
dicular to the plane, And this in my opinion, belids mY 
ſpe of the poles, is reaſon enough to call it an equinow 
all, ſeeing it is the Diall proper .to them that live 
£quinoctiall, as the circle divided into 24 equall) pi! 


TICTY ” 4 
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= 9 ebe called polar, becauſe it is the Diall proper to them 
Wir areleated under the pole, 


The Arithmetiscall operation, 


TwDiall is to bee "made in allreſpeAts as the eaſt and weſt 
Seeking indeed the very ſame with them, only changing 

emnbers of the honres. For ſeeing the 6 of clock houre 
k whih this plane lieth,croſlerh the 1 2 of clock houreat right 
os: in which the caſt and weſt plane lieth, the reſt of the 
re lines will have equall reſpeRt to them both : ſo that the 
refrom 6 of clock is equall te the fift houre from 1 2 of 
Mhe fourth to the fourth, and ſo of the reſt, Thele analo- 
olding, you may reſume the table of the ninth Chapter 
3; uſchere ; only tranſpoſing the hourcs of 6 and 1 2. The 
Wintiall diſtances and naturall tangents ( which are the 
We ſaurediſtances upon the plane) not varying at all, 


: 


"Houres | E quine- The home | 


and fhialldi- | diſtances up- 
parts. ftances. | on the plane, 
I2 Hs  rangent. 


7 30 132 


II | 15 -0 uh. 
| SS....30 424 
Io |- 30 o 577 
t.3/ 309 | 767 
9 
$74 79: 30 © I 393 
8 ; 60 --0---| 1732 | 


67 30 2414 
- 3732 
30, 
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The Geometricall projeion, 


Now then draw the tangentlineH K, paralell to g 
E Z W ;crofſeit at right angles with N S A, the meridia 
which {o interſe&eth the plane in the ſchem. MakeZ$ 
the radius to that tangent line, then is $ « or Sdthey 
tangent of 30d, SCorSa the naturall tangent of 454) 
S > the naturall tangent of 60 d. &c. as in the table agg 
wherefore open the (eor tothelength of S A,(or dingh* 
equall thereto into 10 or 100 parts) and prick dowy 
rall tangents as they ſtand inthe table, from S bath wg 
&« £9 &c.) towards Hand K, ſtreight lines being dry 
row thoſe pricks, paralell to the meridian line N Z SUS; 
heure lines deſired. Now ſuppoſe this paper were thei 
-Which you ſhould draw the Diall ; It1s manifeſt, th 
Z S of the ſthem or $ A theradius, the plane 1s not alif} 
the 7 or 5 of clock houres,the whole plane H K being 
times the radius : and theſe two houres diſtant ſeventy 
radius and a halfe, as by the naturall tangents of eachha 
1 2 doth appeare. Wherefore if you will put all tx 
- tpon the plane that it is capable of, yon muſt reducett 
(which is the length of the ſtile ) by the rules ot 
Chapter, to the greatnefle of the plane, and then prog 
forelayd : let that radius be A B, then ſhall Y A= bet 
linetoit ; whercfore by the ſecond caſe of R, PD. treanghl 


p 


eAs A.» the naturall tan- Logar. ? 
-gent of 75 d, © 3732 + 0571.94 

Ts to A > (tn known parts of 

'- aninch) the ſemidiameter | i by wt 
of the plane © 350 +. 0544.07? u 

SoteAB the radins 19090 + 9000.00 

To AB the length of the gn 

' file inthe ſame parts "94 — 9972.13) 
18 2 . — Comp, char,0, 
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pemſmemen 


= = 2:93 . 


The line H S K ſhould be joyned to the former Scheme, as 4 Tangent ti 
Place this folio 142. 
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Geometricall projefzon, 
he tangentlineHS K, paralell to 
ight angles with N S A, the meridj 
h the plane in the ſchem. MakeZ$h 
ngent line, thenis $ « or Sdthe gy 
or $ > the naturall tangent of 454.8 
nt of '60 d. &c, as in the table ap 
{efor tothelength of S A,(or divids 
to or 100 parts) and prick dowy 
7 ſtand inthe table, from S bath wa 
is H and K, ſtreightlines being dra; 
alel! to the meridfan line N Z S\PA-Z 
Now ſuppoſe this paper were thee) 
Iraw the Diall ; ir1s manifeſt, thath { | 
5 A theradius, the plane is not cablifhd 
zoures,the whole plane H K beinghlh K 
id theſe two houres diſtant ſeven tina } 
s by the natnrall tangents of each harlj= - 
Wherefore if you will put all tea 
it1s capable of, you muſt reduce 
Þth of the ſtile) by the rules of teufp. 
2atnefle of the plane, and then proc 
adius be A B, then ſhall Y A= beat 
e by the ſecond caſe of R, Þ. trianghi, ' 8 


The line HS K ſhould be ji 


all tan- Logar.?, 
3 3732 + 0571.94 


1m parts of 
idiameter STU | 


350 + 0544.07 7 way 
dts 19090 + 0000,00] Þ} 
of the | | 
parts "94 " 9972.13) | 


H omp, char, 
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uld be joyned to the former Scheme, as a Tangent line 4t S, 
Place this folio 142. 
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ON aozine by the ſame caſe making - A the radius, B A is a 
bo 4 ok it ; and contrary, if the length of the ſtile bee 
- penn 


xÞ Logar, 
A the rad515 + 1C000. 09 


" / "of 2p of 154. + 9428.05 
hb: {in #mches and parts 350 + 0544.07 
A Bin the ſam# parts 94 9972.12 4s afore.” 
| Comp. char.0, 

| Wherefore to fetch inthe houres of 7 and 5 upon this plane, 
Sumuſtreduce the radius or ſtile from Z S or SA to the length 
FAB g4 bundred partsof an inch, and then proceed toſet on 
S+houres by naturall tangents as aforeſayd. The ſtile, may be 
thera ſtreighr pin the length of A 3 or A B, erected at right 
"Ingles tothe plahe in the point A, or a long ſquare of the 
Seghthof A 3 or A B, like a v cd, perpendicularly rayſed over 
12 ofclockhoure line, ſo have you done : Let SA 12 bee 
xXdinthe meridian, and the whole plane at S rayfed to the 
whth of the pole 5 1 d: 32', then will the ſtile ſhew the 
purestruly, and the Diall ſtand in its due poſition, 


The ſecond kinde South reclining leſſe 4 
than tbe Pole. MA 


The Demonſtration, 
| 
| Theother two prickt circles to the northward of E Z W 
preſent the two reclining planes,vizs. E CW reclining 25 d. 
dE A \W reclining 5 5 d. from the zenith, and are interſe&ed 
' the houre circles iſſuing from the pole P, as by inſpe&tion of 
eſchem appeareth ; therefore the Dials proper to them have 
ers, and the poles are elevated above them ; the ſouth pole 
ove the plane ECW ; and the northpole above the plane 
AW, which you may note, for direing the (tiles : in the 
Iſt to looke downwards, in the ſecond upwards, according 
the rules of the eighth Chapter abovelayd, 
L 4 Wittchindits 


\ 
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Wittekindus and others that follow him, have miſk 
heighth of the ſtile to this plane reclining 25 d. makinelon 
63d. 28' high, which ſhould bebut 1 3 d. 28', and conliiuer 
ly the Diall erroniouſly made by thoſe dimfions. Fortes o 

' whereof conſider this Diagram ; therein the limb rg 
the meridian, the ſituation of the whole plane in reipe 
axis and poles of the world, is more aptly expreſſed thailtaan; 


| Elevation of the polePNg 1 d. 32, 
Data. ; Reclination Z C 25 d, o'. vl 


L»e/ita, Neighth of the ſtileP C 134.28, 


& = 
———— — — ——— ____——————  _ ST SRI _— TT TR 


- { | 
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+ wherethe one balfe is alwayes ſuppoſed to be under the 
Za .Let Z CN beaſonth plane ere& direRt ; Z repre- 
S—thezcnith, and N the nadir of the place ; Z P, NS two 
hesof meridian in them, PandS the north and fourth 
Je diflnt from Z and N the angle Z CP, andN CS 384, 
i the complement of the latitude : and let R C Ibe the plane 
aiclinine 35 d. from Z or N lefle than the pole. It is manifeſt, 
Satchefouthpole S is elevated above the plane CI the angle 
CS, and ſo much thenorth pole P isunder the back part there- 
SRC; therefore taking Z R 25 d. (equalltoN I) out of ZP 
R$ 28'(equall to NS) thereremayneth R P x 3 d.2 8'(equall 
Þ15) theheighth of the ſouth pole above the plane reclining 
5 &unto which heighth make the Diall in all reſpeRs, as you 

Midthetorizontall, and you ſhall have it fitfor your plane. 


£ 


The eArithmeticall calculation, 


F Returgenow to the former ſchem, therein you have the tri- 
0 Wele PCI, or rather taking the circle ED W for the equi- 
ſottull inthe quadrantallP D I, you have the whole fideP D 
dd. and part thereof P C 13 d. 28;, and theſfide DT 15 d.of 
eequatoF, the meaſare of the angle P,the firſt houres diſtance 
the meridian, to finde the ſide C I upon the plane, 6y the 
variety of the fift caſe of RS, triangles, For, 
| Logar, 
Wi the fneof Þ D goloo' 1IGc000.00 
Wf0the tangent of DJ 15 00 9428.05 
= the fine of Þ C 13 28 9367.13 
Web ranger of CI 3 34 #879518 


WBarch of 3d, 34'is the diſtance both of 11 and x of clock ; 
[this being allthe variety, fave increaſing the angle ar Þ, I 
not reiterate the work, but for imitation ſake, have added 
8=<2non, and inſerted the houres and parts, with their equi- 
JXuall diſtanees, into the Table following, as they follow in 
W<tfrom 12 of clock. For the reſt therefore of the houres, 

outthe Log, fine of 1 3 d. 28' (the heighth of the ſtile) into 
per, and adde it continually unto the Log, tangents and 
| complements 
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7.30 | $486.56 I-45 | , 
15. of 8795.18 | 3.34 ny 
22,30 1 8984.35 5-31 y 
30, © | 9128.56} 7.39 7 
37-30] 9252.11] 10. 8, y 
145-0 | 9367.13 1 13. 7] 
52.30 | 9482.14 | 16.53 : ; 
60, © | 9605.69 | 21.58 | 7.2 
| 67.30 | 9749.99 | 29.21 al 
73-0 | 993907 [41.0 9,31 
82.30 | 10247,70 | 60,31 } © 
L 90, © | infinite. | | 
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complements of every houres equino&tiall diſtance, y 
ſtand in the table, ſo ſhall you produce other Loga,, taliſ 
which found in the canon, yeeld you arches for ts b 
cesof thereſt of the houres upon the plane. 


The Geometricall projection, 


Theſe arches being thusfound, to draw the Diall tmaew$ 
der the ſchem, wherein ſo oft as the plane falleth ben 
and P, the zenith and the north pole, the ſouth pole 1s” 
in the reſt the north ; the ſubſtile in them all 1s the nx; 
becauſe the prickt circles of the ſchem (repreſenting 
ning planes) do croſſe the meridian thereof N ZSath 
gles ; wherefore draw the horizontall line A C Bfortl 
of 6, crofle it at right angles with C F for the houre@ll 
on the center C, and with the length of 60d. of the cho 
the circle A FB, repreſenting the reclining plane of 
ſchemE CW ; from F both wayes towards A and ik 
(the houre diſtances of 3 d, 34 for 11 and r of clock Wllfq 
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E y North. 
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South reclining 234, 


. 
no 
- 
: 
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«1 


[\ 


$10 and 2 of clock, and fo of the reſt ; the forenoon houres 

We weſt ſide, the afternoon houres on the eaſt ſide of the 
din, as they lie in the ſchem, from the center Cthorow 
WEpricks draw ftreight lines,as are C 1, C 2, C 3, &c. ſo 
W*70n done ; by the ſame chord ſet on the heighth of the 
W734. 28' from to D, and draw the prickt line C D, re- 
_——ing the axis of the world, which beles ercted at the 


# 
_ ”—_—_— -- WY TIE ry 7 In TP, Is Wo" 


angle, over the ſubſtile CF 12, you have perfefed the 
T7 alouth reclining plane 25 d, as was required RES 
| | | | oure 


: $1, 0 calculated, only varying the angle at P. 
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houreof 12 be placed upon the meridian, and the wha - 
at C rayſed to an angle of 65 d. abovethe horizon, ail 
CD pointing downwards to the ſouth pole ; fo ſhall 


ſtand in the que poſition to receive the ſhadow of the 
give the true houres deſired. 


The third kinde ſouth reclining wore 
| than the pole. 


The Demonſtration, 


For the plane reclining more than the pole, repreſealff 
the firſt ſchem bythe circle E A W, and in thelaſt byj- 
take ZP thecomplement of the elevation 38d, 28' on 
the reclination 55 d. and there will remayn P A 164, 4 
heighth of thenorth pole above the plane ; unto whichly 
| po the Dyall inall reſpeRt, as you did the former, 
membring(it being finiſhed) to turne the center doy: 
(or draw ito at the firſt) that the ſtile being rayledto 
of 16d. 32' upon the meridian line, CE A may point 
the north pole, which is elevated above this plane. 


The Arithmeticall calculation, 


Inſtead therefore of the angle P CI in the former ſobeny 
reſolve the verticall to it P A 11, by the firſt variety 
caſe of R. S, triangles, For, 


Logar, 
As the fineof P A 11 90" 00 10000,00 
7s tothe tangent of AP11 15. © "9428.05 
So is the ſine of P eA 16 32 9454-19 
To the tangent of eA 11 4 22 X8$882,24 


This arch of 4 d. 22' is the true diltance of the houres & 
11 from the meridian line ; and ſoare all thereſt ofthe} . 


OLE 


South 
South reclining 5 5 4. 


Placethis folio 149. 
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ore make the table as you ſee done in the exam- 
the houres equidiſtant from 1 2, their equino- 

74. 30'for halfe an houre, of 15 d. for one 
en'tranſcribe into a paper 9454.19 the Log. fine 

he heighth of the pole or ſtile above this plane,and 
llyunco the Log, tahgent and complement of 

iall diſtance ; ſo ſhall you produce new 

anoents, the arches whereof are the true houre di- 

ine, as appeares in the table. 

dethree Dyals thus much ſouth reclining, ſerve alſo 
ites ſo much north inclining, changing but the 

of the houres, and reſpe& of the itiles, as the nature 


ewill dire& you, 


— 


————— 


d -| Equino- | Logarichmgs ; Honre ar- 
fom _— | of tangents. | os oy. Dibes, | 

z | [7:39 | 8573.62 4. 9 2.13 
11 | 15. © 8882.24 4.22 225 

: | 22.30. | go71.41 6.43 1.35 | 

2 130; © 9215.63 9.20 2.59 

3 | 37.30 9339.17 | 12.19 3.34 
13 | 45. © 945 4.19 I9.53 4.28 
1; | $2.30 9569.21 | 20,21 5.53 

4 60, © 9692.75 26,14 8.15 

: | 67.30 9836.96 34.29 12.14 

F 75. © I0026.123 46.443 | 18 27 

s | 82,30 10334.,76 65.10 2h 
6 | 90. o | infinite. £44 


The Geometricall projettton. 


£ hore arches being calculated, look back to the ſchem ; 
C Fe drawn paralell to the horizon, for the houre of 6 ; 
tat right angles with E C for the houre of 1 2, as E ZW 


Sdointhe {chem ; upon the center C draw the circle 
| DEF 


% 
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DEF (at the extent of 60 d. of the chord) repreſah 
Clining plane in the ſchem E A W, from the point 
houre diſtances by help of the fame chord bothway 
DandE, as you finde them in the table, and from$ 
heighth of the ſtile,and thorow thoſe pricks draw fk 
from C, which ſhall be the houre lines, and axis d 
CG Bbeecreted perpendicularly over the meridiang 
CEr2atanangleof 16d. 32', andlet the whole ply 
berayſed above the horzzon an angle of 35 d ; then fl 
C Bpoint up to the north pole, and the Dyall bee ity 
lane. "MW 
: Now becauſe this plane and Dyall falleth out 
for the purpoſe, | thought fit to ſpeak fomewhar of 
conceipt of framing a Dyall, wherein the ſhadow & 
ſhall, go backwards and forwards, both forenoon 
n: he writes at large of ir, with the demonſtrain 
n'Uls book called Horologiorum deſcriptio ; whertul 
knowledgeth the retrogradation ofthe ſhadow upon! 
all of efchaz to bee moſt miraculous, notwithtandne 
ſo the Foy may bee contrived, that at ſome tine: 
yeere tlie ſhadow of the ſtile ſhall performe the like nai 
ry courſe ofnature. The reaſon thereof is plaine, vw 
lobe or this ſchem adjoyning may appeare : for ſuppoingiipy* 
Globe to beſet to 16d. 32', theheighth of the pole an 
plane ; and the Sunne to beeinthe beginning of Ty be 
quarter of altitude ſet in the due place, unto theſeventee 
zimuth from eaſt northerly, and you ſhall ſee the para 
wherein the Sunne is ſuppoſed to bee to: crofle thatat 
twice before noon, once a quarter before 7 of clock, and 
about 11, Alto the tropick of Cancer to crofle the twe 
azimuth,once at 7 of clock 10', and againe about 10 anda 
ter, between which two interſections of either parath 
may obſerve the ſhadow of the ſtile apparantly to ie 
and ſhorten according to the diſtance of the Sunne irons 
ofthem ; ſometimes growing neerer the equator of yp 
from the interſetion of A to the rouch-point of #8 
ſometimes further off, from the touch point of A Wl 7 
ſetion of A & againe, The like will be in the a'ternvmge” 


'L 


Noo 
of, 1 


F 
a 
4 
b 
Ts 
. 


W ' 
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es reſpeRively, as the prickt lines in the Dy- 
the azimuths of A IT and A & do delineat the ſame ; 
entinue more or leſſe to be {eene all the time thar 
between the zenith of the plane, and the 

acer, Which will bee from the end of Aprill till 
end of Iuly following. And note, that fitting the 
thispurpoſe, the like may bee done atall times of the 
nee unto the Tropicks, The proper index to 
conceipt, is a ſtraight pin perpendicular to the plane, 
+ prickt line A B in the Dyall, but in atriangular ſtile 
theawdas or notch cut into 1tat B ſhall performe the 
acept you will cut the ſtileſo ſhort, rhat the end thereof 
To make this more plaine, in the djagram adjoyn- 
2ENG be the herizon, Z P N the meridian, therein P 
thpde;clevated 16d, 32' above the horizonat N, Z the 


et nts 


*, 
. 
"44.5 


zenith, 


152 The Art of Sam ovwegll 


- zenith, FE G the equator, E ABS the Tropickof 
theparalell ofzr, Z A Bthe twentieth azimuth 
vetricall FZ G, croſliug the Tropick of 93 cate 
noon at A and B, and at the like times and places in 
noon,” ZD C theſeventeenth azimuth, croſling they 
I- twicein t + ron atDandC, and at the likes 

c 


places in the afrernoon. : 
' Now I would know the heighth of the Sunne a '* 


theday in eac place, where the Sunnecroſleth the pg 
& and 77, asallo where ittoucheth the ſame, to they 
obſerve withoat mach attending, this conceipt of C a 
the Dyall. , 
' From'thepole at P draw foure meridians, paſſin uh 
double interſeRtion of each paralell/ and azimuth in t 
AB CD, and falling upon the'equinotiall at rightany 
therefore in the obliquetriangle P A Z Ihavethe ſide 
complement of the heighth of, thepole 73d. 28', andi 
P A, the complement of the declination of a 66d, 2g 
lePZ A7od. the complement of the : azimuth 7 
from the prime verticall, to finde the fide Z A, whoſea 
ment A 50, is the heighth of che'Sunne in A, by the oh 


of oblique S. triangles. | 
Firft, 


Logar. 
eAs the fone of © 90" © 10000.0000_ 


Is tothetangent of F Z 73 28 105 27,4681 
So the coſueof ÞZ 4 70-0 -- 95 34,0516 


"T's the tangent of 49 3 I0061,5197 
Secondly, 


Logar. 


es the coſneof PL 73" 28' 0545.8061 Arik 
Ts to the coſine of 49 3 9816.5065 = 7 
So # the coſine of PA 65 2g: g600,9901 


To Hheeafnagf 23 13, F9963.3027 + He 


Out of 49d. 4 take 23d. I}, there reſteth 250;0 Fri 
Z A, the complement whereof A 20 is 644. 10, the i : 


Þ be #rof SHaDovves. 1523 
Sin A, andadded to 49d. 3' iveth 72d. 16' for 
lement whereof B 2o is x 7d. 44 the heighth of 
;, Now by two fides and an angle oppoſite-to 


you ma finde the angle at P oppoſite to the 6ther 


wiangle ZP Aand Z P B, by the third caſe of Ob.S, 
ak es whereof upon the equator F z G are the 


ww 
A 


. \ | Logar. 
| A, 664 29' 0037.657E er. compl. 
wlſPZ 4 790 © 99729858 
ZZ A 25-59 9639.2422 
wefZP 4 26 3t 9649.88; 1 


br converted into time, gives 1 houre, 46 minutes 


7 zoure of the Sunne in A, before or after noon. 
bY . : Logar. 
PB. 66429 0037.6571 Ar.compl. - 
PZB 70 o 9972.9858 
dz 35 7216 9978.8579 
! oz P B 77 27 X9989.5008 


© 77427 converted into time, gives 5 houres, to minlites 
F texthand, before or after noon, when the Sunne in B 
8 crolleth the azimuth of 20 d. fromthe prime verticall, 
=F the yariation of the ſhadow to bee performed in 3 
LY oures arid 24 mitutes, 
Wy. let theazimuth Z H L bedtawn'to totich the paralell 
}N, and let the meridian P Hpaſſe by the touch point 
blo have you the triangle Þ HZ right angled at H;whoſe 
(Hihall givethe complement of the heighth of the Sunne, 
LE gle ZPH the houre of the day, when the Sunne in 
MEett obliquity from the azzmurh Z L, which formerly 
274 in B,commeth back again to crofſe the ſame in A, 
WR the ſhadow from B to H, and lengchning the ſame 
3: rh the firſt of the third caſe of R. S. triangles : and 
SM, Feft e fifteenth caſe of R.S, triangles, | 


FF, A: 


\ 
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gs | Logar, . | e.- 

As the eoſene of P H 66* 29: 9600,9901T 

Is tothe ſineef PHZ go o 10000,0000.. . 

So # the coſe of Ps <> 73 28 9454.1938 

To the coſimeof ZH 44 30 985 3.2037 © 7 
Therefore H L 45 d. 30'the heighth ofthe uy _ 


jo F 
Logar, al 
As the fineof Þ Z 7328 9981.6620 
?s to the ſineofP HZ go © 100c0,0000 
So ts the ſineof Z Fl» 44 30 9845.6618 
Tothe ſneof PA 46 59 9863,9998 
464, 59' converted into time, giveth 3 houres,'fh 
before or afternoon, when the Sunne in his i 
motion from H, lengthnerth the ſhadow againe, 
And, by the ſecond of the fifteenth caſe of R. S.trian 
may inde the angleP ZHrtobe 73 d.2', therefore the 
ZHL totiching the paralell of 'S is 16 d. 58 from 
verticall F Z G, neere theſame with ZD C, 179, c 
paralell of tin Dand C, 


Thus may you alſo findefor the paralell of x, 
inC 154 20, 
The heighth of the Sunne? ; inD.75 22, 
ho. ' 
__ Ja before noon 7' 17; ; 
fter noon 5 17% 
© beforenoon 0 59 
7. afeer noon © 59 


The heighth of the Sunne in H'55 d. 26-. 
ho, 

before noon 9 25 

The houre'of the day in H # a tctggh 4 

And the variation of the ſhadow performed in 4 ho. 18 
Now if I had drawn the azimuths of Z AB and ZV 

tke interſection of each paralell with the horizon, asBZ 

. &, and ZS for x, the retrogradation would haye* 


The houre of the mY 


in D 


s 
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Ceorant, coriteyned between E Lfor &, and SR for x5 
tines would have differed accordingly, but then the 
interſection of the paralell and azimuth would not have 
M&manifeſt, ſeeing one of them hapneth upon the horizon, 
Wine ſhadow vaniſheth ; and note, that the larger tlic 
"Kiathe more apparant will the retrogradation be. 
T ſe Divines writing upon this miracle, have confined the 
wt {chat to the equinodtiall plane only, which mightbe 
Sera well, and interpret the degrees ſpoken of by the 
2, tobe halfe houres, {6 that 10d. conteyned 5 houres ; 
they might have made the degrees quarters of houres, 
athe ten degrees had been but two hourgg and a halfe, 
dry necre the truth in the matter of time, Bur ſeeing 
riptitre taken in the literall ſenſe, doth ſufficiently mani- 
Ewonderfull miracle,1 ſee no reaſon to interpret degrees 
nyto the nſuall acception of Aſtronomers, and greunds 
In,2 the leaſt they could not be meant of halfe houres, be- 
Mezekiah had liberty to chuſe whether the ſhadow 
forward ten degrees, or back as much ; but forward 
Wot go in the latitude of 7ers/alem,, whichis 32 d. be- 
Ras fmidiurnall arch of the Sunne in 78 is but 4 ho. 57, 
LS but 7 ho. 3', which muſt have been (accompting 
*WMnbourefor a degree) 10 ho. at theleaſt, 
FH oinion is therctore, that the Dyall was a ſouth Dyall, 
:#1pon a ſouth ere plane or wall, moſt conſpicuciis to e- 
«Jun riew ; thatthe degrees are literally meant, the de- ' 
V OY . 
Waatitnde of the Sunne, commonly called almicanters 5 
Ferimeof the yeere was neere Chriſtmas, when the Sunne 
Waatde winter tropick of 78, in which ligne the ſhadow de- 
= loweſt ; that it was in the afternoon, becauſe the 
Returned ten degrees which it had gone down ; that the 
Efeturned not back at once, but in the ſame time that it 
J\*icended, to the end that moſt part of the world mighr 
$, FE Mice of-the miracle, as rhe Scripture teſtifieth the Baby- 
0 ; and that the Sunne was neere two houres and a 
s [curning tothe meridian again, from whenceit had for- 
Kane gone down ; and that the miracle was ſhewed about 
FF ulbonreafter two, as may be proved by the diagram fol. 
A -M3--- -  lowang; 


1o 
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lowing : Therein NEM W thehorizon, NP Z Mthowlhs 
an, Ez W the equator, a tb and f cd the two tropicls, 
' o n two almicanters, P Sameridian, and Z S anazimy 
ſing by the place ofthe Sunne in S. The heighth of the 
Teruſalem is PN 329, therefore the heighth of the el 
# M 58d, ſubtra& the declination z c 23d. 40', (4a 5. 
time neere the middle obliquity). ſo have you the meds * 
"titude ofthe Sunne in 7P cM 34d. 20', abate 10 degrevelh® 
heighth, then was the Sun at the time of the miraclea$,KF*7 
20'above the horizon,the complement whereof 'S Zis6d8, 
thus have yon an oblique triangle P Z S,whoſce 3 ſidezar; 
to finde the angle at the. pole, by the firſt caſe of O, S, vin 
ſhewing the time that the Sunne hath ſpent betweentew 


cated. ap io ce SAGA EG C0 <._ 4. | 


—— 


<- xwH<k ot . 
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We 2nd ing down of 10 degrees at S, which by this 
Jewas 2 ho. 26',and conſequently the whole day length- 
te;s2', which made the ſhorteſt day of the yeere equall 


d1}43% - * 


1. : is 65940 
MW 113 40 


4 


"58 © 


10 - 237 20 Logar. 


me; 118 40 ne } 
Wo 53 © 9©097.6514 Wn, 


= 5 © 8940.2960 

q 7 60 40 9940.4091 

Totall 19035.1463 | 
1] hfe whereof 9517.5731 # the Logar, tangent of 


7 


Cr 


F 


oo 


MY 


- 

"ft 
þ+ « 
+. 


8 18d, 14 halfe the angle at P, therefore the double 36d, 
. "28 #the whole angle, which converted into time, giveth 
2bo, 26, 


zYetleſt this conceipt of C/avixs, which hee alſo xgceiveth 
In Noni, ſhould ſeeme any thing at all to extenuare the 
werfull power of that miraculous ſigne, let the difference 
een them be conſidered ; for in the Dyallof Achaz the 
Ritſelfe was removed back in the heavens, and therefore 
Wow 2s an effe& thereof, which in the paralell motion 
Waunne from caſt to weſt was ſhortned in the afternoon, 
Mary tothe courſe of nature ; but in this conceipt, the ſha- 
Mcontinually ſhortneth in the forenoon, and lengthneth 
mlly in the afternoon ; and the Sunne proceederh con- 
uy from eaſt to welt, ſo that all the variety of the ſhadow 


Wren north and ſouth, quite contrary to the motion of 


« 1 therefore embrace the conceipt, but wiſh the 


prion had been forborn, ſince they agree notat all to- 


F off 


M 3 Cnar. 
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Crap. XIV. 


To draw the houre lines upon avy dire north reclining | 
ming plane, , 
7 He dire& north reclining planes havethel 
WW varieties that the ſouth had ; for ety 
2) plane tmay recline from the zenith jufy 
LT cquinottiall, asE D W doth in the fir 
S429 CO of the laſt Chapter, and then itis apoly 
> ep W (2s ] called it. before) becauſe the pol 
plane lie in the polesof the world : or elſe theplane may 
more or leſſe than the equinotiall, as the circles B 
E B W do, and conſequently t heir poles fall above and 
the pole of the. world, and the houre lines alſo differ ty 
former, | NETS \_ 


The Demonſtration, - 


' ThepAar Diall is well known to all men tobe non! 

circle divided into 24 equall parts, which, becauſe tigp 
F to the herizon as the pole of the worlds to the equita 
may bee eaſily contrived upon the firſt (chem of theh 
Chapter, by dividing the limb into 24 equall parts. 
therefore that from the center Z you draw (treigit 
every 15d. (thetwenty fourth part of the horizon}d 
Dyall is made. bats | * 5 


The Geometrical! projettion, 


. Tocontrive this Dyall upon the plane, draw two 
lines H V Afor the houre of 1 2, and 6 c 6 for the houl 
creſſing each other atright angles inC, repreſenting NG 
meridian, and E Z W the prime verticall of the\{cnew 
on the center C,with the radius Z Sef the ſchem(ecqualli 
of the chord) draw the circle ny A 5, repreſenting the RENE 
the ſchetn NE SW, take off the ſame chor4 15 d, Wet 
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K'1 


wesfrom A, will divide the fayd circle into 24 equall 

(ch as A K is __ thorow which ftreight lines bein 

m the center C, are the houre lines deſired ; an 
eng contrated or enlarged according to the capacity 
re ide, the Dyall is made greater or lefſer at pleaſure ; but 
| Knot to be alwayes confined to the ſame chord, you 
ma acircleupon the plane at adventure, and by the laſt 
| ftof the firſt Chapter, {ſpeedily ſet oyt the houre diſtan- 
aan; forfich proportion as the fine of 30d, hath ta the 
| edt, 39, halfe the houre arch, ſach hath the radius of the 

_ M 4 . circle 


+P , , 
CF © > i.þ Fe 
"ET SI” 
L3 £ Th 


\'Þ 
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circle in parts, to the twenty fourth part of the circle. 
Soif A Cbe one inch and 77 centeſmes, AK ſhallbea... 
reſmesof an inch, the twenty fourth part of the cir +. 
The hourelines being drayngeret a ſes ht pinory 

BC upon the center Cat right angles with the plane ( 

the pole is elevated 90 d. above this plane) of whatlay 

will, ſo have you done ; yet ſceing our latitude is capa 
ſixteen halfe houres, the ſix houres next the ſouthpy 
metidian, 1 1,10,9,1,2, & 3 may beleft out as uſele » 

can this reclining tace ſerve any longer than during th 

aboad in the north part of the zodiack, and the ind 

the reſt of the yeere,becaule this plane is paralelltot 

Qiall, which the Sun ergſſeth twice a yeere : theſeth 
formed to yourliking, let H V A beplaced upon thej 

and the whole plane'at H rayſed to an angle of 38 
heighth ofthe equator abovethe horizon, ſo is thispal 

and Dyall reQifieg to ſhewthetrue houre of the day, | 


TM ſccond kinde North reclining leſſe bo þ nie 


| the equator. 


The Demonſtration. 


The next fort is of ſuch xeclining planes as fall beryralhes: 
zenith and equator, an eſented in the firſt (chendſ* | 
former Chapter by the Wkt-circle E FW, and int 
ſchem by FCW, both {tppoſed to recline 25 d, frog 
zenith, Ad therfore untoP Z 3 8d. 28' the compl. ofthed 
on,Z F 25d.thereclination,ſo have you PF 6 3d.28\,thetah® 
of the pole or ſtile above this plane. In this Dyall Wn” 
zekindxs and others that follow hini are miſtaken, dire. 
reclination to be taken out of the elevation, and theren " S. 
reſerved for the heighth of the pole or ſtile, (which-WJ*: 


inp example doth ſubſtitute 7d. inſtead of 83 d.) Wi” 4 
; " 


ey ſhould adde the reclination to the'complementornys” 


- 


i 
_ : 
” h 


vation, as by the ſchem appearerh, and as in this cxapy® 
done, | | , | | ' ; 6, N 7 A 


" 
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The eArithmeticall caloulation. 


— — — 


ethe houre lines rrue,returne to the firſt ſchemef 
ver Chapter. In the triangle P F x, or rather the 
[PD as afore, you havePD god, andPF63 4d, 28, 
154; the meaſure of the angle at P given, to finde the 
24 firſt houres diſtance from the meridian npon the 
the firſt variety of the fift __ of R. $, triangles. 
ar. 
of Þ D g0* © Ns; 
of Þ F 63 28 9951.66 
there rofDt 15 © 9428.05 
eanpent of Fr 13 29 49379.71 
his 13d. 29' is the true houres diſtance of 11 and 1 of 
Tt there'is no other variety, (but increaſing the 
in ſecking the reſt ofthe houre diſtances, itis need- 
the work;but referre you to the table adjoyning; 
«10 ob heretofore dire&ted) firſt ſer downe all the 
rom 12 and their parts. 
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b $2 TR Logatithmes Houre ac-, | 
bo = bm Gul l &- of tangents. | ches on 
© | themerid. the plane. | 


E x10 2 SY 


S - 8 
7.39] 907109 | 6.44 |. 

I3.,0 hd ©] L.3-29 ; 
1 22, zo 9568.89 | 20,20 [ 
30, © | 9713.10} 27.19 
37-30 | 9336.64 | 34.28 | 
45. © | 9951.66} 41.49. 
$52.30 | 10066,68 | '49.23 
60, © | I0190.23 | 57.10 | 
| 67.30 | 10334-44 | 65- 9 | 
75- © | 0523.61 | 73.20 | 
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AIG 3 Reclinatign — | 25 © 
 'Oxeſita' Heighth of the ſtile DF 63 28 


Next et the equinotiall diſtances by them, as to 1j 
15d, totoand 2, 30d. &c. then take into a looſe 


Elevation of the pole DN 5 1* 32; I 


PL 
" f _ 
4 
4 
= 


Log. fine of P Fin the ſchem 63 d. 28', 995 1.6651, lh 


vation of the pole above this plane, which added cohj 
unto the Log. tangents and complements of every hour 
no&iall diftance, giveth new Logarith, tangents, wh 
ches are the true hourediſtances (upon the plane) defined 
- the table appeareth ; which done, the Dyall is to bengl 
reſpeRs like the horizontall. | 


The Geometricall projeftzon, 


Draw therefore the horizontall line 6 C 6, crofieit 
with.D C A ; upon the center C (at the diſtance 
of the chord) make the circle D B A, repreſenting thertd 
plane E FW inthe ſchem ; ſet offthe houre diſtances (t 
of the chord!) both wayes from A, the north part of them 
an,as they are calculated in the table, v:z:. for 9 and 34 
for8and4, 57d. 1o', for 7and 5,734. 20', &c. fromiy 
ter Cthorow thoſe pricks draw ſtreightlines, and thyyll 
the true houre lines defired 5 continue 7and8$, and fi 
 thorowthecenter to the oppoſite parts, ſo have youthel 
houres above the 6 of clock line alſo ; this done, with tif 


chord ſet 63 d. 28' from D to B, draw the line CBW "i 


heighth of the ftile : let the ſouth part of the Pyall at) 
upwards upon the plane, elevated to 65 d. above the boi 
that the ſide C B of the ſtile being perpendicularly erect 
the ſubſtile line C D; may reſpe& the north pole, ſol 


done ; the houres about the meridian, v:z#. 11 and 1, WF 


and 2, Gan never receive any ſhadow, becauſe of theſma 
- nation of the plane from thezenith, and therefore neeas 
putthem on. -For more particular proce whereol, | 


A by N 


you to the fourth propoſition in the thirty fourth Chapt ] Th 


T1 
'V 


© 
= 


"The 


k 
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\Aiboitr is defeRtive in the reclining ſide, will bee ſupplied 
4 oppoſire inclining ſide, upon which the Sunne ſhineth as 
K-ovicforfaketh the other, 


4 ; North reelining 25 d. 


s 
\ 


''E. i onth, 


' As - 
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i * North, 


The third kinde North reclinin 7 more than the equazor. 


+ Wo | The Demonſtration. | 
+ Thelaſt fortis of ſuch reclining planes as fall between the 
: Ys horizon 


164 The ArtofSyuavovves | 
horizon and equator, repreſented in the firſt ſchem'9 Y 
mer Chapter, by the circle E B W,-but in the later f 
B C V, ſuppoſed to recline 70 d, from the zenjth, * 
Now the equator cutting the axis of the world at x 
gles,all planes that are paralell thereto have their ſtileg| 
god, abovethe plane;and by how much more thanthes 
any plane reclineth from the zenith, by ſo much leſſety 
 +#$theheighthof theſtileproper tgit. Therefore in 
\ » ſchemoftheformer Chapter adde P Z 38d. 28' the wy 
- ment of the elevation, unto Z B 70d, o' the reclinatia 
totallis P B 108d, 28', thecomplement whereottorhh 
BSequalltoP V 71 d. 32'theheighth of the ſtile defired;3 
A you will without the complement, ( agreeable tot 
= Ke) becauſethe north pole Pis elevated above the ri 
3 planeBC V,thearchP V ; therefore adde the inclinatingi 
{ plane to the horizon, which is 20 d. unto the elevation 
. pole abovethe horizon 51d, 32', ſo haveyouP V 719; 
elevation of the pole above the plane, as afore ; unit» 4 
heighth Make the Dyall in all reſpeRts, as formerly, - WE 


The eArithmeticall calculation, 


"To calculate the houre linesby the ſchem, you mult | - 
_ +. the meridian P F B, and the houre circles P 1, P.2; 23,06 | 
becontinued till they meet inthe ſouth pole, then will toe 
portion be the ſame as afore, by the firſt variery of the ft"... 
of R. S, triangles. ? 


As the ſine of Þ D, convting from the 
ſouth pole to the equator 
Ts to the tangent of D 1, one houres ds- 
ftance npox the equator I5 
So # the fine of P'B, counting from the i 
ſouth pole to the plane 71 32 99 Thi 
To the tangent ef B 1 the firſt houres di- © Scwoflin 
ſtance npon the plane \* 14 16 7940 iecks 
| 'F diane c 


And this being all the variety of the calculation, wenenne'® 


" | 
4 
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a 1 
fa 


£; 
bt fi 
- 


A 


4 | ; 
"18 
&1.7 
"700 


| 6 
: 7 


ifs 


Sethe work ; now therefore begin the table as you did 
x, ſetting to every houre equidiſtant from t 2, the 

all diſtztces of 1 5 d. 30d. 45 d.&c. proper unto them; 
weinto a paper the Logar. fine of the heighth of «he ſtile 
v 9977.04, Which being continually added unto the 
ntsof 15 d. and 75 d. for 11 and 5.of clock, of 30d; 

for 10and 4 of clock, 8c. ſhall beget new Log. tan- 
arches whereof are the truc houre diſtances upon the 


: 


XL | 


yoaſee inthe example. 


l \ TE. 
i 


"A 


j_ CO 


uino- 
Bak 
ſtances, 


d » 
1.30 
15« © 
22,30 
30. © 
37.30 


| 45. © 


—— 


Logarichmgs 
of rangents. 


9096.47 
9405.09 
95 94.26 
9738-58 
9862.02 


9977-14 


Honre ar- 
| ches on 
_ theplane- 


d bl 


BEEF 
I4-16 
21.27 
28.43 
36. 3 
43.30 


10092.06 
I0215.70 
| 10359.81, 
70548,98 
10857.61 
infinite, 


| 52.30 
60, © 
67.30 
75. © 
| 82,30 
| go. O | 


CT. 3 


58.41 
66,25 


74-14 
$2, 6 


0 
2 
2 
IK 
, 
I 
5 
J 
6 


8. Dis} Elevation of the poleP N51 32. 


Reclination ———— ZB 7o © 


| i Lxeſta Heighth ofthe ſtile P Bor P V 71* 32'. 


' The Geomerricall projettion. 


: - Thi done, draw two ſtreight lines, CA 12, and 6 C6, 
yung atright angles in C ; upon the center C (with 60 d, of 


| chord) make thecircle 6 A 6, 
| 0M of theichem EB W, 


:, . 


repreſenting the reclining 
upon which circle the houre as 3 
% , En 


*% 


" x66 . The Art of SHaD ovvns; ÞF 
taken out of the table, 'and pricke down both y : 
(by help of the chord) and unto thoſe pricks ſtreigh 
_ from the center C, youhave the rus owe 
bythe fame chord * oF the heigbth of the 
ax" vizt,71d. 32', and draw the prickt line C Byte 
the axis : ere C B at right angles over the Fre 
which placed in the meridian line, the center C rej 
ſouth, and che wholeplane at C elevated to an angle 
above the horizon, that the axis C B may point upto 
pole, you have finiſhed the Diall to the plane propaled] 


North reclining 70 d. 


T Thr drrofSHapovves.: 167 
agayfurther note, that becauſe thereclination of this plane 
zenith is lefſe than the reclination of the tropick of *E, 
195d. 3, therefore after the Sunnes ſouth declination 

£8, (as appeares in the fourth propofition of the thirty 

apter ) pt oft this ſide of the plane, tothe ep- 

£, opon which thereſt of the y eere is ſupplied. 

#25 all other planes have two faces, reſpeRing the 
barts of the heavens, ſo alſo have theſe recliners fix 
ides looking downwards to the nadir, as theſe looke 

+ to the zenith ; therefore may you by the very ame 

mike all the inclining Dyals alſo ;or if you will ſpare that 
ar; and make the ſame Dyals ſerve for the oppoſites, turne 
enters of the incliners downwards, which were upwards 
x and thoſeupwards in the incliners which were 
awardsin therecliners ; and after this converſion, let-the 
zontherighthand of the meridian in the recliner become 
eleft hand in the incliner, and conrrary,. ſo have you done 
Ryoudefired : andthis is a generall rule for the oppoſite 
wor all planes, which ſhall bee made more manifeſt in the 
band 22 chapters, where I purpoſely treat of inclining 


—————. 


bl. CHuaP, XV. 


| y "40 the hoyre lines upon a declining reclining, or aeclinang 
E L P ng plane, 
PAN declining reclining planes, there be theſame 
| (a fox varictics that were in the former reclining 
 [9&, north. and ſouth - for either the declination 
| 2 may bee ſuch thatthe reclining plane will fall 
" S 2 . juſt upon the pole, and then '1t iscalleda de- 
ET HT clining equinoCtiall ; or it may fall above, or 
aus thepole, and then it 1s called a ſouth declining eaſt and 
WS fecliner : on the other fide the declination may bee ſach, 
WS the reclining plane ſhall fall juſt upon the interſeRion of 
crician and equator, and. then ir 1s called a declining po- . 
"8 - | EN lar ; 
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lar; or it mayfall above or ander the faid interſeQioy 
it is called notth declining eaſt and weſtrecliner : ef ly 
I will give partiqular examples, that by inutation of tha 
thing mayremaynd —_—_ - 
And firſt for the better underſtanding of the work,yu 
remember that every declining reclining plane hath both 
and flat ; the baſe perpendicular, bat declining, therefore(y 
fore) ſituate under ſome azimuth or other ; and the flu 
ning, which to the common mans underſtanding is befty 
ſented by the roofe of a houſe, falling back from the per, 
cular of the wall whereupon it eth ; but upotitel 
by the circle of poſition (as afore) ſuppoſed to move wa 
horizon, with the declining baſe, and to fall from they 
either wayes upon that azimuth which cutteth the baſe 
angles, by real whereof the pole of the reclining ci 
wayes ſo much elevated above the horizon as the circle tht 
( ITY the plane) reclineth from the zenith : ay 


may be plainly ſeen inthe ſchem following. 


The Demonſtration. 


| Let the baſes of therecliners bee repreſented by AZBat ic 
, ning from the eaſt point E 30 d. to B as munch as hep 
thereof C and D do declinefrom the north and ſouth puyilh 


"+ the meridian NandS. The three varietics of ſouth reds 


upon the ſame bale, arerepreſented by the three prickt 

AHB falling between the pole of the world and theft 

AGB juſt upon thepole, and A E B between the pole 

rizon, and the particular pole of each plane is ſomuct 

. ted above the horizon, (upon the azimuth D Z C croll 

baſe at right angles) as the plane it ſelfe reclines from Wt 

nith, and marked in the ſchens with IK and L. Now tothe 
contuſjorrof lines, it will not be amiſſe to draw theſe three 
ſeverally, that you may the mere diſtin&ly perceive when! 


are to finde in each of them. 'T. " 
/ = 1* v1 L 
P? 
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the firſt,the declining ZquinoRiall is repreſented, whoſe 
AZBdeclineth 30 d.from the Eaſt and Weſt line EZ W, 
to the declination of the South pole therof, zo d.from the 
partofthe Meridian S eaſterly unto D,the reclining plane 
'Þ reclining from the Zenith Zupon the Azimuth C Z D, 
tity of Z G 34 d, 32': and paſſeth thorough the pole 
efffromD to Q : the reclination Z G; and Q ſhall repre- 
pole ofthereclining plane: fo much elevated above the 
axtD, as thecircle A G B, repreſenting the plane, de- 
from the Zenith Z ; from the pole of WorldP tothe 
eof the plane Q, draw an arch ofa greatcircle P Q:, whoſe 
5c Wilfallupon the periphery of the reclining plane,ſceing - » 
: N | Þ | 


"* AY 
AB aut 


The Artof SHADOWWEs, 


it cuts the ſame at right angles in P ; And becauſe ſomeny{}Mtis 
deſirous to any declination giuen , to fita plane reclining lin 
tothe pole ; or any reclination. being given to find thedeli®! 
tion proper to the ſame,this Diagram will fatisfie themtheny#" 
In the triangle Z GP, or rather the Quadrantall G CBJMſ 
or C N thedeclination be given , and P N the elevationdi 

le: to find the arch C G, whoſe complement is the recinblſ Mite 


* on G Z, by the firſt varietic of the 16 caſe of R,S. Triawlu | 


Lyo, A 
As B N the Coſine of N C the declination 301 Oo 9937414 Ih 
1s tothe fine of B C 90 o reowarl "iſ 


S$oz# the tang,of N P the height of the pole 5 1,32.100991 Per 


To the tangent of {"G 55.28, 1016208” 
Whoſe complement is G Z 344 32/ the reclination deſired. Þ Orx 


And by the converſe for the other part: 1 angl, 


' The ArtofSHADovves. 198 
| 8 | | Logar, * 
TC G the corangent of the reclination 24 * 52', 1016 2,38 
: F it the taugent of the elevation ST 32, 10099.91 
tit fneof CB J0, © 10000 O0 
I Te fre of N B 60. ©: 9937. 53 
We plement I C 304d, #5 the declination defired. 


The eArithmeticall ( alculation, 


© 1 Inthis firſt example, you are to find two things : firſt,the 
F mhoftheplane or diſtance of the Meridian and Sabſtile from 
—FEieborzontall Line; which in this Scheme is P B, the interſe- 
"TE finofthe recliningplane with the Horizon, being at B. And 
© dy, thediſtance of the Meridianof the place S Z P N from 
*F te Meridian of the plane Þ Q. : which being had , the Diall 
*F valy made ; wherefore in the Triangle Z GP right ang- 
-N dk Cyou have the ſide G Z given 34d. 32' the reclination ; 
23 ale have-Z P given 38d. 28' the complement of the e- 
a6 inten ; and the angle at Z 30d. whoſe meaſure is N C the 
i Eimtion ; to find G P, whoſe complement is P B, either by 
{mall Triangle Z G P, or by the quadrantall Z C N, &y the 
Wnetieef the firſt,third,fourt h,or fifth Caſes of R.S.Triangles: 
adi*ineif you will (fach is the variety of Triangles) by the 
cf lTriangle P N B,or the quadrantall B C G,you may with- 
© Nie complement figd P B your deſire, 
4 8 


\ i - 


- WP Logar, 
 'hrtheſneof ZGP | 90 4. O' I0000. 00 
53 "the ſine of Þ Z 38. 2 8, 9793-83 

; Wn the ſine of G ZP 30. Os, 9698.97 
gi rio ſme of Gp 18. 7 X9492.80 
Fl Poſe complement is Þ B 71. 53 


G 


4 SON the Triangle Þ N B you may find P B without 


; %.5ag complement, by the firſt of the eighth caſe of R, 8, 


F 


N 2 As 


172 The Artof SHADOWEs, 


” | Lone. © 
TAs the fine of the angle N B P 55% 28'. 99153; Wa 
1; te the fine of the fide P N 51.32. 989 | 
$0 #4 the ſine of the angle P. N B 90, ©. Inoononlt 


Tothe fineof the ide P B JI. 53. "997.92 pays 
The yo of the Meridian and Horizon. '45 


The ſecond thing to be found isthe diſtance of the Meaiduf - 
of the place, which is the houre of 1 2, from the Subſtilex 
ridian of the plane, which is the angle it ſelfe of the two 7 
dians, repreſented by ZP Q,; in which point Witt 
and others fallowing him were alſo miſtaken : makingtes | 
gle of declination to be the diſtance betweene the twoMak 
ans; ' by which errour, putting the 1 2 of clocke lincontd Þ | 
true place, all the reſt of the houres by conſequent aregrap ug 
ous alſo, ' C1 


To find this angle Z Þ Q,you muſt firſt find the angle216 Þþ 


which taken outof GP Q 90d. leaveth the angle ZI >— 
the ſecond of the fifteenth caſe of R.S. Triangles, FF 
: 8X £ Log ff [mm 
2 At the fine of the fide P Z 389, 28, 9793Þ} 
Ts to the fine of the augle Z G Þ 9o - © Iooonwfil 
So t the fine of the ſide Z G 34.32. 9733-4 | [11 
Tothe ſine of the angle Z P' G 65.41. "995900 | Y 
Take the angle ZPG65d.41 out of GP Q 90 d, therett | 
fteth-Z P Q24 d. 19' for the difference of Meridians, Wy 
- gives the diſtance of 1 2 of clock from the Subſtile ; or $WF| . | 
by theſecond of the ſecond caſe of R. 8, Triangles. ' 
, ' Js F 3 
As the Radius g04% 0, 10009. 
Ts to the ſixe of the latitude 5 1.32. 99 i 1 4 | 
Sos the tangent of the declination _ 30, 0, 9701 'F | 
To the tangent of the angle betweene the two 24-19, 1 965108 
Meridians. | 


Not 
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y becauſe 24d.19'is more then 15 d. , one houres di. 
deft the Meridian : and lefle then 30d, two houres dis 

, I conclude that the Subſtile ſhall Fall betweene 10 and 
*X clocke, on the Weſt fide of the Meridian: becauſe the 


173 


l vatdeclineth Eaſt ; and as the very Scheme it ſelfe dire&eth, 


— p (] 


Reclining 


te inverted, or drawnc to the South pole, as indeed it ought 


Elevation of the pole Þ N 
Dat« 
South 


UW gz leng th of the ſtile ___——E F-- o 2957; 


519, 32, 
Declining Eaſt SDor CN 3o 0: 


Z G 34. 33. 


2 diſtance of the Horizon & Meridian-P B-71d.5 3 


3 angle betweene the Meridians —Z P Q-24.19. 


"M0 A. > . Athe.a EE 


; T7 RE =: ge 


— 


yrs eang 
er the houre 
diſtances up- | 
on the plane. 


C— Q 


1 Houres and 


parts from 


the ſubfiile. 
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—c 


Equino- naturall tang. 
Riall di- | or the houre} 
ſauces, diſtances ups 
| | on the plane, 
d * Bae 44+. 
5.41 | 7 © 099 
T3111 ,O 234 
20,41 | ,0 377 
28,11 | . O 536 
| 35-41 | 40718 
| 43-11] .0 935 
5$O.4T « T v1 
58.11 , I 612 
65.41 | , 23213 
[73-11 | +3 308 
6 095 


8g 41 
[ 88,11 WE 
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Theſe things prepared, make the Table for the houres ; o F 


unto them their EquinoCtiall diſtances from the Subſtile, 
the example adjoyning; wherein becauſe x 1 of clocke is kw - 
d. fromthe Meridjangtake i 5 d. out of 244, 19'. there fall: > 
maine 9 6. x9'for the Equinotiall diſtance of the honre fl} © 
the.Subſtile; then take 24. 1 9/out of 30 d. thediſtancegh# *- 
of clock , there ſhall remaine 5 d, 41', for that houres dila# 
from the Subſtile; the reſt of the houre diſtances. are ealily | 
by continuall addition of 1 5d.Vato theſe houres diſtances ju} 
the natnrall tangents as you did in the Eaſt and Weſt Du .- 
which will give you the true diſtances upon the line LKyf 
plane of every houre from the Subſtile : ſeeing that LF 
tangent line in reſpeA of the Radius E F, you may alot 

of the chord ſet the EquinoRiall diſtance from the Subſtilawl” 
each arch HOF: and C EO: and from their centen Wl 
ſtreight lines , tointerſe& the tangent lines 6 E 3 and LN 
which ſhall agree preciſely with the naturall tangents ara 
if there be no error in the worke, 3 


F L the natural tangent of 6 of lock — 2 213 


F K the natural tangent of 3 of clock — 2 648 Loo | 
L K the whole line u a—, 06,1. 
E F the length of the ftileproportioned oO 2957 9313.78 

to LKnu —_ wi -C Comple-» | 
Arithmeticall complement thereof gives the length of the þh : 


The Geometricall projeftion. 


To draw this Diall true, conſider the Scheme , let abu 
be'the Horizontall line , drawne upon the reclining flat, 
convenient for the houre lines ; which will be alwayes 2 

lel to the baſe thereof, repreſenting A Z B of the Scheme; 
aty part of this line asat B, make anarch of acircle CEO. 
=_ to 60d, of the chord)! repreſenting A G B the rec 
plane in the Scheme; from C unto E reckon the diſtance FP 
in the Scheme betweene the Horizon and Meridian, WE 
veth the place of the Subſtile, on the Weſtſide of the emp 
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of SHADOVVES;, . | 
make the Table for the houres i 
tiall diſtances from the Subſtile}; , 
herein becauſe r 1 of clocke js ky 
I 5d. out of 244. 19. there hall 
qainoiall diſtance of the honre fk 
+ d. 19/outof 30d. thediſtancegf 
aine 5 d, 41', for that houres diſt 
of the houre diſtances ate SV 
11 5d. Vato theſe houres diſtances jt 

you did in the Eaſt and Wet Dgh& 
ae diſtances upon the line LKof #&. 
n the Subſtile : ſeeing that LF". 
the Radius E F, you may alſobylih- - 
oQiall diſtance from the Subſtilewſ®* - 
E O: and from their centers wilt 

t the tangent lines 6G E 3 and L} 
ly-with the naturall tangents aford 
eworke, "Y 


of 6 of lock — 2 213 '. 
of 3 of clock — 2 648 Loo. 
———4 06867". 
proportioned © 20579 9g313.2708- 
wnnn_—  Corple- 0 s Þ 


nt thereof gives the length of the je 
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ometricall projetion. 


e, conſider the Scheme , let Abu 
drawneupon the reclining flat, 
elines ; which will be alwayes 2 
preſenting A Z B of the Scheme? 
B, make anarch of acircle CEO, 
rd)! repreſenting A G B the rec” 
>m C unto E reckon the diſtance 

> the Horizen and Meridian, Ws 
ſtile, on the Weſtſide of thee? 


F 6 


Seath declining Bit 362 wp) 
 Reelining 344.300 
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En thedeclination is Eaſterly ; on the Eaſtfide when We- 
Þ- able to the Scheme inverted; thorough the point E 
«wihe line B E F for the Subſtile line; upon E, or any other 

e ofthe Subſtile where you will make another arch ofacircle 
tv } | fs chord) F OH : for the EquinoQtiall crofle the 
WY at right angles, both in Eand F: 6E 3, and LFK 
I Qullbe two tangent lines to the arches CEO and FOH, 
wie with the Semidiameters B E and E F;upon the arch G 
EHfom F to G reckon the angle betweene the Meridians 24 

L 19/: ortake the naturall tangent thereof, © 45: (openingxhe 
le ftortothe Radius E F) and ſet it upon the (treight line FK 
from F to N;doe the like upon the other arch , and tangentline 
Ez :anddraw thelines E O N, and B O 12, whoſeinterſeQi- 
ons pen the tangent lines ſhall be in the Meridian of the place: 
vhs Eaſterly from the Subſtile when the declination is 
Eaſt, (4 in this example) but Weſterly when the plane decli- 

nah Weſt (becauſe in this Diall the Subſtile 1s firſt given, and 

the Meridian found from that.) Set of the reſt of the tangents 

from F and E , both wayes by helpe of the Sector, or line divi- 

&& into 100 parts, as you find them inthe Table, v:z, for 

11H, 0164 for 1 H, 0319 for 2 H. 1392 and ſo of thereſt, Vn- 

to every one of theſe points draw parallels to the ſabſtile, which 
wil croflethe tangent lines at right angles, and fo. be all the 
bourelines truly drawne, The ſtile muſt either be a ſtreight pin 
ofthe length of E F the radius , creed perpendicularly upon 
theplane inthe point F,or elſe along ſquare at the ſame heighth 
| fedtedoner the Subſtile, and fo is the Diall finiſhed for uſe;and 

Aurther you may note, that by the rules of the 9 or 1 3 Chapters, 

:Jou may proportion both the length of the ſtile, aud wideth of 
| ®choure lines to the capacitie of the plane , ſeeing that LE K, 
$a __ lineto the Radius E F, asyou ſee doneby the tan= 

gentsof F L, and F K, the two extreme houres of the Diall. The 


lbemgdrawne and placed , according to the declination 
y d.Eaſterly,and the whole plane at E raiſed toan angle of 5 5 
bo | the complement of the reclination, the ſhadow of the (le 
Al SV9te houres of the day delired, 


CRAP, 
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To draw the houre lines upon a South reclining plane, declyy 
Eaſt or Weſt which paſſeth betrweene the Zenith and the pol 


The ſecond Example. 


PAN this ſecond kinde of declining recinj 
> planes, the ſouth pole is elevated aborieff 
pole , as may appeareby this or the gra 
> Scheme of the former Chapter : wherenty 
Gs circle AH B repreſenting the plane, fil 
EW betweene the Zenith Z , and the Nortiak 
P, and therefore hideth that pole from theeye, and forcetiu 
to ſceke the elevation of the contrary pole above. the ply} 
which notwithſtanding maketh the like and equall anglanaF* 
the South ſide objeaed to it , as the North pole dothupat;; f 
Northſide;(as is proved in the Diagram ofthe 12 Chap,)oWk.*" 
either you may imagine the Scheme to be turned about,anl WR 
North and South points changed , and then it will repre 
the South part of Heaven ; or yon may calculate the houraande 
ſrandeth,remembring to turn the ſtile upwards or downwagete 
and change the numbers of the houres, as the nature of thee 
all will direct you. | =_— 7 


ml 


Elevation of the pole P $ 511,32", 


Data Declining Eat—SC 309, o. 
South 


Reclining Z H-. 20,0, 


| 1 diſtance of Meridian and Horizon os th. "x 
| 2 heighthof the {tile — — ' 
Lugfre. diſtance of ſubſtile and Meridian ——R 07} 
4 angle betweene the two Meridians-OP R3VE 
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| The Demonſtration, 
"© la this and all the like declining reclining Dials, there are 
thitos tobe ſought , before you can calculate thehoures, 
tirſts the diſtance of the Meridian from the Horizon upon 
a afflane, which in this particular Scheme 1s part of the ans of 
ppanc0 B;N PS being the meridian of the place,and B the 
1 yminthe Horizon interfeRed by theplane, 

| *condy , the heighth of the pole or ſtile above the plane, 
 Wikippart of the great circle P R Q, paſſing from the pole of 
" PpaneatQ unto the pole ofthe World at P, andelevated a- 
Phe plane AHB, the quantiticof PR, 
| Tidy, the diſtance of the ſubſtileand meridian upon the 

E Plnetepreſented by O R,PR Q being the ſubſtile or mert- 

Pitheplane, and NP S the meridian of the place. 
p< oy angle betweene thoſe two meridians O PR , all 5 
7 $0 oure demands, areby the helpe of Logarithmes found Wo” 
1340 3lve exſic operations, in manner following. 
0: ' The eArithmeticall calculation. 
; 2810 ln the ReRangular Triangle O'SB , you have the 
gs Angle at S., and the acute Angle at B , whoſe 
| mea- 


” ond 


ES 8 


178 The Art of SHaDOvvEsS; 
meaſure is C H, and theſide S B, comprehended by then 
find the ſide OB by the firſt varietie of the ſeventheaogilis 
Triangles: but becauſe you ſhall have uſe of H O,it wit} 
ter to deale with the quadrantall triangle Z C S, or teri 
triangle Z H O;wherein you have the _ Z 30d, what 
ſare is thearch C'S the declination, and you haye pare oi 
drantall fide Z C,vizz, Z H,the reclinatien 20 d: tofu 
lefſer arch HO, whoſe Complement is O B deſired , bytyt 
cond yariety of the fifth caſe of R. S, Triangles. For "ati 


\ 


o* 


1 As the whole fine Z C 904.0 Ioo000 AYP 

Ts to the fine of the fide Z H 20.0 9534 y 4 

| Sou the tangent of ('S 39.0 970 Bn 
To the tangent of H O | 11.10 #92950; 
Whoſe Compl: 18 O B 58d, 50', the diſtance of the Merid 

. the Horizon, | þ 


2 Inthetri le H Z Q, you havethe angleatZ 1 
theſide oppoſite H O 1 1 d. 10' with the right angleatt 
find theſide Z O, which taken out of ZP , leaverkP0 
firſt varietie of the eighth caſe of R.S. Triangles. For 

| Log 
As the fine of the angle HZ 0 304.0 g6gl 
Is to the fine of the fide H 0 11.10 9h 
So the ſineef Z HO 90.0 oor "A 
I; the ſine of the baſe O Z 22.47 950 
Onutof Z Þ 384d.28',take Z © 22 d; 47',there reſteth PM 
41... 


3 Intheverticall triangle Z HO, andP RO, bed 
fines ofthe Hypotenuſas, and perpendiculars are prop 
you may deal with both together to find PR the height j 
ſtile by the 1 5 of the fourth of Regiomontanns , or theikt 
the 14 of Finkins ; For * 


roſSuLDovss 179 
Logar, 
| ha hmporennſ'Z 0 9124,470412,00,rith,co, 
tef the perpendicular ZH20 © 95 34,05 
| at PO -15 41 9431,88_ 
endicularPR 17 49 1937793 
ith of ſtile deſired, ( where you ma 


remember 
ion, to auoid ſubſtraRtion, becauſe the Ralius is 
proportionals given. 


Ay PRO, you have the fides P R,”and PO gi- 


angle at R,to find the fide O R,by the ſecond 
Te of R STriangles. 


Logar. 
oh of? R 13 4,49 9987,25 
of PR O 99 © 10000,00 
pe” I5 41 9983.52 _ 
. 7 39 9996,27 
+ the ſubſtilefrom the meridian. 
yp h ne triangle P RO you have the three ſides given, 


Jo wirangle at R;'to find the angleatP, by either varic- 
Fd 16 Caſes of R.S Triangles. For 


7 : | | Logar., 

| / Wor the fde PO I; 4,41' _ 9431,88 
he of the angle PROgo © 100900,00 
fe of the þde RO 7 39 9115,69. 

4a fer theagle RO 28 52 9683,81 


N Wpin all the former workes the angleP betweene the 

> being 28d, 5 2', which is mere then onehoures 

eef n the Meridian , and lefſe then two, you may con- 
heſubſtile muſt ſtand betweene the firſt andſecond 

'T dm the Meridian or 12 of clock Weſterly, becauſe the 
Prior is Eaſterly, by that meanies to bring the ſhadow 
'F- Monte meridian of the plane,then of the _—_ 
ore 
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fore now returne to the pur ſcheme of the fifteenn,s 


cer, and let fall a perpendicular betweene 1 1 and root 
ep rk yon 

cle A , by whereof you ſhall finde the w* 
Jiſtanices as 22 una | the | 


| <oarey ws | n0- | cram _—_ 2r- 
Parrs irom is. . 
| the ſubſt ile- VEN reg ſits d 


_— 


— 


| 4 P 


$8425.51 I,32 
8770.38 | 3.22 
8970.36 | 5.20 
9119.29 7.30 
9245-02 | 9.58 
9360.74 | 12.55 
9475-25 | 
9596.87 
9736.87 
9916.63 
10196.57 
11081.64 | 8 
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| Houres and | Equi Logarithmes 


ports from of tangents. 
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| — —— 


= 
oO 


7674.22 
8559-29 
$839.24 
9018.99 
"9158.99 
9280.61 
9395+IL 
9510.84 
9636.56 
9785-50 
3-4 9985+48 
3-38 | 10330.35 
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Seefore make a table for the houres as formerly dire- 
wn becauſe the ſabſtile fals betweene 10 H, and 
ef aſt, begin with the halfe boure firſt,and tale 22 
| Smnoctiall diſtance of 10 H, and*from the Meri- 
= 28:89.52;, the diſtance of the ſubſtile from the Meri. 
Weeks 6d. 22', the diſtance thereof from the ſubſtile ; 
e284. 52", the diſtance of the ſubſtile, out of 
7 Sfminotiall diſtance of 10 of clock from the Meri- 
"deercteth 1 d. 8', for the diftance of 1 0 of clock from 
| le:Ha ing theſe two diſtances on each ſide of the ſub- 
ontmalladdirion of 7 d, 3o'for z houres, and of 15 d. 
bhatres , make up the EquinoRtiall diſtances of the 
hekeares,as in the example*; Now becauſe 11 Hand 5 
Lad6H.r Hand 7 H.2 and 8H. 3 and 9 Hand 4 and 
$509. diſtant in the EquinoQiall each from other, 
it houres being 1 3.d. 52' on the onefide, 5 H, ſhall 
T diſtant from it on the other fide , as by the former 
th appeare : and by reaſon that the EquinoCtiall di- 
one houre is complement to the other god, diſtant 
my at the ſame work (as hath been often ſhewed) 
ſence of both upon the plane at once; for if you tran- 
theLop, Sine of the heighth of the ſtile into a paper, and 
bt &Loearithm: tangent of 1 3 d.52', you produtt a 
Banrentfor the arch oF 11 of clock, and adde it to the 
btangent of 76 d.'8', the Complement thereof, you 
ew Logarithm: tangent for the arch of five of clock, 
nilde the ſame with the operation at large, by the firſt 


E thi tiftcaſeof R.S Trianglesas in this Example. 


< Logar, 
Jr of "R1l Scheme I5 Chapter 90 a © I 0000,00 
ME Sagent of the augle RP 11 13.53 9392-45 

t SEE or of the beighth of the ſtile PR 13 49 9378.06 


1. "y nt of the fide R110 3 22 #877051 


ox Aly lame caſefor R5 inthe triangle RP 5. 


i} 4 


"4 
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CERT - 
IF the fone FfPRs g0T, & 1 0000,00 
Ts to the tangtwtof RP 5 76 3 1060735 
$0 i: the fine of the fide PR 1g 49 9378-06 
To the tangent of the ſdeR5 44% 3 9983.01, _ \; 


Ando proceed with all thereſt. 'N 


The true houre diſtances upon the plane being thy | 
you may eaſily make the Diall in this manner, 


The Geometricall projeftion, 


Firſt draw the horizontall line A C Bin the upptha 
the plane, becauſe the ſtile of this Diall muſt looke dom 
tothe Sonth pole, and this line inall recliners will 
to the baſe repreſenting A CB of the ſcheme, Vpona 
this line, as at C., make the circle ADB ( with 6 
chord) repreſenting thereglining circle of the ſcheme) x 
and becauſe this plane'declineth Eaſt , the fubſtile Wn 
morning houres muſt ſtand on the W eſt ſide of the nn: 
as the great ſcheme of the 1 5 Chapter doth demonlitas ; 
ſuppole P:te be the South pole, and the next fide ofthe 
flat AH B co the pole, to be the South ide thereoh,l 

.ticulavicheme will better dire& you toreckon tied 

% oe dian and horizon in the Diall, from A the Wi 

-_ the horizontall line, as B ſtandeth from S in the {(chems 

- theſubſtile may ſtand to the Weſt wards of the Mena 
complement of that diſtance to 1 80d. from B), the 
of the Diall, both which will bring the 12 of clocke 
the due place, agreeable with the icheme, vz, A Etoi 
EDto RO, thereforebyhelpe of the chord et of thi 
of the Meridian and horizon 78 d.5 o'from, Ato Ef 
theline CE x 2,for the 12 of clock houre, from EB 
30' the diſtance of the ſubſtile and Meridian Wentwi 
ſtandeth from O in the ſcheme , and draw the prin ne 
for the ſubſtile,from the point D of the ſubſtile ſet oa" 


4 
"HE: 


Cs 


4 " 
wi *x b 
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PAC n 
, » 4a >4 v3 
= n y by d 
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L 4 wa = 
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475" : 
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KL thueclining Eaſt, 30 d, reclining 26d. 


Wthechorde,the true houre diſtances of 3 d.22' for 1x 
kd 7d.30' for 1 2 of clocke, and fo of the reſt, as they 
mucladle ; unto every pricke dtaw a ſtraightline from 
Clo haveyouall the houres truly drawne. Laſt of all 

IL theheighth of the ſtile D F x 3 d. 49', and draw 
bp: the axis, which direRed dire&ly over the ſub- 
Dill is perfeRted for uſe, but muſt be placed in its 
Odby the declination ang reclination thercof, 


ke 


Now . 


194 TheArtofSnuavovyss 

| oy lot ene Sid et Dinh you ry A Ye 

_ ..-only turning the ſtile, and. e numbers of the hey 
1 "the planerequireth, Viz, A th declining Eaſt or We | 


ning 20d. or a Northdeclining Eaſt or Welt inclining 
as yd may eaſily colle& out, of the analogie 6f-the foure 
of the ninth Chapter, to which I refer you. ; 


”, 


. 
_— _ — k_ 


—__ A 


Cruare, XVII... 


To draw the haure lines #pon a' Sotth reclining plans, 4 
Eaſt or Weſt which paſſeth betweene the Pole wid nun Þ 


The third Example, \ i i 
1); 4 LM AY, He third varictie 1n South Lect | | 
y. ning planes, is pf thoſe thatpilh 
tweene the Pole of theWorkla 
rizon; as in this Scheme is rept 
by the circle of reclination A} 
this example , becauſe the plat 
underithe North pole, therforetla 
Vu MZ) £& is elevated above it ,' from wheat 
may colle& the center of the Diall muſt ſtand. down 
on the plane,contrary tothe former, that the ſtile mayla 
wards to open it reſpeRteth , and the houre line 
poſit the ame way as in the Scheme alone is manitets 
Elevation of the pole Þ N 51 dg? 1 


Data' 4 _ A Declining Eat SD 3o © 
SSouth | : 


Reclining ZF 55 .0 
(1 thediſtance ofthe Merid, 8 horizon OBvy 
Que fra )2 the heighth of the ſtile PR— ont" NA 
Fr ) 3 the diſtance of the ſubſtile & Merid, R O iy, 
(4 theanglebetween the two Merid. RPO” 


. 
*z = 
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f 
d. wit” - The Demonſtration, 


" 

4 : 

&* Kd 
= 


ne foure things , that you found for the former 
Hllo be fought for this, before yon can calculate the 

*Firſt, the diſtance of the Meridian and Horizon 
ce ane © B. Secondly , the heighth of the pole orftile 
"Kola? R. Thirdly, the diſtance of the fubſtile and 


4+ 


47S 


x g 
"® 
V. 


O,and laſtly, the angle betweene the two Meridi- 
QT orthe verticall R Þ O;all which doe plainly appeare 
macular ſcheme adjoyning ,/the firſt whereof OB is 


, L z fir 44 of the fift caſe of R.S triangles : for in 


The eArithmeticall calculation, 
KI Logar. 
$0 lefine Z ( gol © 1 0000.00 
ive of the reclination FX 55, © 9913-36 
a tangent of the declination CN30o 0 9761.44 
n= aemefFo 25 19 9674.80 
| | O Whole 


% 


186 ee 0 < 
Whoſecomplementis O B 644. 41', the _ 


Meridian and Horizon. 
2 To the triangle B.N Q you mult ſeckethe fade } 


of the firſt caſe R.$ rniaggh O HODY draritall 
Fd foflejebe ji gh. Fo bo was! F: 797 
% 


As the fneof BN O oy ty £ 


T5 to the fine of BO 


So # the coſine of the reclination NZBO 
Tothe fineof N O 


Or againe, 


Wy jpg. Legs, , 
As the whole ſine B C 90d, o' 100000" 


1s to the tangent of F C 35-0 EY 
So # the ſineof BN 60. o vg9g79,08 
To the tangent of N O Sg, 2. 
TakeNO 31d. 14 ont of N Þ $1 d.32', thererd 
20d, 18' 
3 Becauſe the fines of the bai enuſas and perpe 

the vyerticall triangles R O P and N OB are propo rio 
may deale with both at once to find'R P, 6 Abe: I5 =q 
of Regiomontans , or by the ſecond of the Yrs m—— 


NE $977 $1129! = +7 Ofnd - 
ASD A Hi, 04-457 213 g $ 

As the [ine of he Hr Hyper aFO " 6444 r*g6h3/ 

25-10'the yt he Hypotenuſa P 0" 20 18) fie | 

So t5 the ne of the E029 fe NB 60 0 "og475f 

To the fine of the perpenazoular RP. 25 £9521, P 
Therefore R P 194, 25'isthe keighth of the -oleal 

above tte plane. - 

4 In the triangleR P'Oſceke the ide R O, b fl "| 

third cafe of R, Ss. triangles, For- SOT ; 


& ata 4» 4 | _ 
ki \ v* % 
' ” £4" 
" : o 


8 

, FF P 
\ x. >. cr 
4 IL . / 


of SHaDovwes: | 1$7 
Logar. 
” 19 425' . 997457 
90 © 10000,00 
20 18 9972.15 
6 2 9997.58 , 


T 
Na by the ſame yerticall riangles , and ſecond 
_ 
£ | Logar. 
ni rep pidiculer NB 604, & 9761;43,Ar .copl, 
thebdeNO + ,.,31 14 9714.77 
ofthe prepidicular RP 19 25 9547.14 
woes Ho 6 2 @9023,34 
of the {ubſtile from the Meridian, 
mo rriangle RP O ſeckethe angle at P, by 
ft coſe zof R.S, triangles, For 


Logar. 
ae de 204, 18 9540.25 _ 


ef the an lePRO go © 10000,00 
fthefiac'R O 6 2 9021,63_ 


wfheegle RPO | 17 38 9481.38 


1 h 178, 3 $' 1s the angle RPO betweene the two 
Fea toZP Q. 3 becauſe they are verticals. 


— 
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D CCC 
L 


| Houres and | Equino-' Logari = Honrc ar. 


parts from || @all di- | of rangents. ches on 
| pa ſubſtile- | ſtances, - the plane. 
X34 26 
2,38 | $184-30 
10. 8 | $7973.81 
17.38 | 9023.85 
25, 8 | 9192.92 
32.38 | 9328.03 
9447-48 
9561.59 
9578.54 
9807.61 | 
9963.70 | 
10180,67 
10591.46 | 7 


II: 


a, wo 4 my iy M4 
Ln bo ' 


O 


« 
—_ 


| 


| My Be oOn"vH TY" 


Logarithmes 
'F bo . 
pres rom of tangents. | 


— —_— 


—_ 
— 


8451.77 
$862.56 
9079.53 
9235.62 
9364.69 
9481.64 
9595-79 
9715.20 
9850.31 
IO0O0Ig. 38 
10269,43 
10858.93 


ti _— ” 


Ml 


$50; Quus Ot nod wn 9 ww 0 wih 


IT 


| 


| 
| 


"44 "—_ 


WE Surbowns = 4 
-.-” 09 


| Tee thingrbeing found,firſt 
6; Fs /2a7 3 TE yoke the Table for the res 
ſhhophre dren ng , that becauſ 
4 How ns 18 greater then one ho eng Huy 
Longs ob 2, =_ lefle then two , T9 ahrny re + 
F _ : * houres diſtances are wheſ ny ſte 
F by p oo LEP (for the reaſons a oyrng 
# Jokad, oures, as b rp 
Y | a (race thereof out Sy an oY oe 
a Johoures;, 4 y ſubſtra&tion of 17 d. T, ds 
al p _ iſtance of 10 ho.: doth Ede. wade nhey 
pl 7 begin oS I 1 of clocke, andend it Ih ry yea 
: i iall diſtance of 1 1 houres f ugh Br 
i\Þ Fer 30. o oft as you canunder god. wo 
:doe the like, ſo ſh ot 
Gabe other , all you hane the E 
: rear er houres and halfes,the Lo ea 
ps eing continually added to th Lo _— 
= heighth of the ſtile P R ( firſt hae? bed 3 7nke 
when = new Logarithmeticall tan m0 os 
ehoure diſtances upon the pl __ 
&AERB, for by the firſt of the fees Pg 
I triangles 11 PR, and5P Rf the” ps. 
pen 15 Chapter, comprehend "ole Mw 
reſolved togerher. ET OT PR 


[2 


Logar, 


- | : 
$ bi g9d, o' 10000,00 


EX 4 
F411 2 38 8662.69 


joerg of the angle ) or 
TF 5 v9 22 TI337.31 


-— 


p— —_—_——_——— 
CITI 


ue fe heighth of the ſtile PRIg 25 95 
2I,71 


if 78 
Des each R 11 | 
: n Ban Pe Or : 54 1 
82 7 18859:02 


"6 o he Table ewe) the firſt houre R 1 1 is di- 
3 ; ſtant 
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ſtant from the ſubſtile o d.5 3',and R 5 ſixhoures diſtanebg.Þ 


levenis 82d. 7, SoisR 12,6d.2,R1o.44,10)Rt, by 
R 9. 2d. 46',and ſo of thereſt, ; 


The Geometrical projeftion, 
The Table being prepared, and the houres diſtaneg« | 


| &ated, draw the Horizontall line A C B, paralell to thebab1 
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South declining Eaſe 
R ecls;;zing | 


304, 
554, 


, 
a 
. 
#7 
i» , 
# , 
x” . 
\'IY - 
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— 
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welLiatned Z B of the Scheme, towards the lower part of th® 
44-o-bet! _—_ muſt ok downwards, and theſtile 
' p86 upwards to the pole , as appeares by the ver. 
- 1 ou Scheme, In any part of is MeriacataBiing 
© x thecenter , and with the length of 60 degrees af 
& w.thearch ADEB, repreſenting the reclining 
al&d- 450 Bofthe Scheme. Inthis arch place the Meridian, 
6&5 96.m-d houres, as they lie in the Scheme, and you cannot 
TL. ani, viz, from B the Eaſter part of the Horizontall line 
;Diall, ſet off by helpe of the chordeunto 1, B Oof the 
ne644.41", the diſtance of the Meridian from the Hori- 
 aaddraw CV 1 2, for the 12 of clocke honre from the line 
q runtoEreckon O R of the Scheme 6d. 2' the diſtance of 

IEefibltde from the Meridian, which ſerof Weſtwards,agree- 

M0 eto the Scheme, becauſe the declination is Eaſtwards , and 
Fw theprickt line C E for the ſubſtile , from the pointE both 
We totbyhelpe of the chord, the houre diſtances of 1 o, 9. 

$56.5. theWeſtward therof,& 11.12.1.2, 3.4.to the Eaſt- 
{mad forthe reſt of the houres (as you may lee them lie in the 
FE gater Scheme of the x 5 Chapter ) and to cach pricke draw 
mg Euoſt lines from the center,fo is the Diall finiſhed for uſe. Laſt 

wal, (erof the heighth of the ſtile PR 19d.25' from E to D, 

may theline C D repreſenting the axis, which being ere- 

Eedperpendicularly over theſubſtile line C E , the baſe ACB 
jg Edie 20d, Eaſtwards, and the whole plane at 6.1 2 raiſed 
Jn agle of 35 d. above the Horizon, will ſhadow the true 

Krelines upon the plane,and ſo you have done with the three 

Weties of South declining reclining Dials, W herein alſo note 
ay madethis one Diall (or any of thelike) yon have at 
ae made foure , changing bur the poſition of the Dials, and 
pKeng the numbers ofthe houres, as the plane doth require , 

{uit this anſwererh to the oppoſite the North declining 30d. 
VEL, and inclining to the Horizon the Complement of the re- 
pen 35 d, alſo the South declining 30d. Weſt reclining 
$55 orto his oppoſite North declining Eaſt 30d. and incli- 
"| gto tne Horizon 35 d. which becauſe they are by the exam- 
Pefthe ninth Chapter caſily deduced one our of the other ,. I 
O 4 ſhall 


- 
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ſhall not need toſpend more time about them, yer. 
thing more may be obſerved,that for variety ſake,andfon © 
alſo in the Worke, if you take OP the arch of thy Meri 
tweene the pole and the plane, in the lat Diagram 204 y 
the latitude, and the angle NOB, orP O R betweenetil 
ridian and the plane 73 d.2o' for thereclination, young... 
duce this declining reclining plane, or any orher afterdygt« 
manner, into an Eaſt or Weſt reclining plane,unto whighh  £ 
being made, it ſhall give the ſame houre lines thatthe yrlÞ. 
hath done,as may eaſily be tried by therules of the 12h 
yeelding the ſame elevation of the ſtile 1 9g d.25', the eel}. 
Rtanceof rhe ſubſtile and Meridian 6d, 2', and thelknpagh +} 
betweenthe Meridians 17d. 38\,which by the ſevering - 
will at the firſt ſight plainly appeare. 


£3 


ah 
_— — _ 
— — _ My 
. . . 


Cray, XVIII, 


To ar aw the houre lines upon the polar plane declinnj I 
Weft , being the firſt variety of North declining recln 


planes, 


>- S in the fouth reclining decliners thereattin 
7 varicties, ſo are there in the Northasmay: 
for cither theplane reclining doth rein 
interſe&ion of the Merjdian & Equally 
then it is called a declining polar , wakmw "+ 
| theſubſtile alwayes perpendicylar to tieWpaly 
ridian, or elſe jt pafſeth above or under the interle&ion 48G , 
Meridian and Zquator, which ſomewhar differeth trom iynne 
mer. I will therefore firſt ſhew how they lie in the SchemWglemt 
then proceed to the particular making of the Dials prop#® 
gach of themes = ' w, 


> - Let the North declining baſe in the Scheme my ure 


- ThartofSHaboWwes 


= _ — T_T 4 


preſented by the line A Z B declining frem the prime verti- 

WW E, a3 mach as the Axis and poles of the baſe C and D 
SEEinefrom the Meridian N Z S, and let the plane of the farit 
yietie be repreſented by the circle BG A, paſſing thorough 
pEliterſeftion of the Meridian and Zquator at z,diſtant from 

X ra on theMeridianNZS 5 1 d.32', and let the plane 
1 varictiebe AH B, cutting the Meridian betweene 
P*fZenithand that interſeRtion , and the plane of the third 
"Fate repreſented by the circle A F B cutting the Meridian 
eEVeeneS 2 the Horizon and that interſe&ion ; Now asthe 
5p nes from P the pole of rhe World cuteach of thoſe re- 
' Gs clining 


4 
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clining circles , ſo will. they fall upon theſeverall pang! 
ſented by them, whoſe true diſtances we are to ſeeke, * — 
And further you may obſerve from the bare inſþe&i "Tr 
Scheme, that now the declination of the plane is become 
ſterly;all the houre lines runne to the Eaſtward of the Merit 1% 
ſo that ſcarce any fourenoone houres at all will fall won 
planes, and therefore that the ſubſtiles of every of then" 
alſo ſtand on the ſame ſide of the Meridian, as hathbeenglal 
tofore manifeſted, and further that if you be diſpeſedtomb 
Diall upon the baſe of the plane,declining only,as welland 
lane at doth decline and recline, you may ſee kow thehylſe: 
inesfall upon theſtreight lineB Z Arepreſenting thelagh 
frame the calculatlon and worke, as in decliners : Buttygyfh 
confuſion of lines, it willnot be amifle to draw the thraky FR 
rall Caſes by themſelves (as was done before) in three (onlf 
Schemes marked with 1111, V, and V I. F 


— ms. 
Ss "4 .. = . <_—_— 
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> A fie rio x of the pole P N $514,327 Wi 
& IDeclining Weſt NC 664, », 
F * 22 172], 
| diſtance of Meridian and Horizon A 2 474.18 


- 
= 0 


1 1 "4 "4 | 
ny | 37" keighth of the Pole or Stile P R 42, 53- 
* The firſt Scheme repreſenteth the declining reclining plane, 
wbytheinterſetion ofthe Meridian and £&quator , Z G 
te reclination 32 d.1 1, and Z z the diſtance of the E- 
& 8 aoctall from the Zenith 5 1d. 32', The fecond fort cutteth 
ad | 0eler llanat O betweene the Zenith and &quator , as doth 
= adeB HA repreſenting the plane in the Diagram of the 
Fit Chibter marked with V. The third fort cutteth the Meri- 
FlWilbirObetweene the Horizon and Xquator, as doth the 
="Fa%#3 FArepreſenting the plane in the Diagram of the 20 
| Gaptermarked with V I. 

"F FomCiteaeb Diagramupon the line C Z D, repreſenting 

Tie Aiturh,croffing the planes at right angles, {ct of the quan- 

"F cof@ch ſeveral reclination , ſo ſhall you have points ar Q. 

f nn potes of each reclining plane, ſo mnch raiſe 
pawrcthe Horizon NE SW, as the reclining planes are falne 
Fonthe Zenith Z, from which points at Q you'muſt draw the 
$36 efpreatcircles (whoſe centers or poles will be alwayes 
\-} ®eperiphery of the planes) paſſing thorough the pole of the 
F WorldP, andcrofling the reclining planesat right angles in R, 
+ thierepreſent the Subſtiles, or Metidians of the planes, as 
zpSmeNP,Z Sdoe the Meridians of the place,and PR in each 
| * Mwgiverh the heighth of rhe pole or {tile above theplane, 
Þ*R2,:RO, the diſtanceof the fubſtite and Meridian, A 
Tp Yediltance berween the Meridian and Horizon,and z PR, 
*Rtheangle berweene therwo Meridians , all which foure 
E Jom; muſt be found as in the former declining reclining they 
| 3% up. can proceed to calcalate the houre diſtances or 


And 
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And here alſo as in the 14 Chapter, there maybe aro 
cien found to any declination given, and contrary, byyh 
fit the plane howſoever declining , topaſle thorough thej 
etion of the Meridian and Equator, whoſe lite is a 

dicular to the Meridian, therefore in the'triat 
of rather in the quadrantall AD G, let SD the declingy 
iven, and S z the cemplement of the elevation, or heip 
Bhe Equinotiall above the Horizon, to find D G,whoſe wa 
tment is G Z thereclination defired, by the ſecond of theft 

of R,S. Triangles. For | 


'y 


es the fine of A $ the complement of the 301 vg Hr 14 
declination Wn ( 
Ts to the tangent of $ e,the comple.of the eleva, 38 28 MA 1p | 
Sou the whole fine A D 90 0,r000s tn 
To the tangent of D G | 57 491008 
Therefore G Z the complement thereof 3 2 d, 1 1. thenbWibidia 
nation defired , the contrary part is performed by thecantÞ'7 Jn 
of this : for Frkh 
| Logue. Uo 
As the tangent of GD 571,49 1020112 | © 
Ts to the tangent of « 8 $. 28 990099 |... 
Sos the whole pl D A 20 o 1000009 {Withe 
To the ſine of $ A 30 0 9698.97. 7 ; tth 
Whole complement ST is 60d. the declination deliral, oF ti 
-R10tdet 


The eArithmeticall (: alculation, . : Ory 


Now therefore for the declining polar, that is, wholenbF. 
ning plane paſſeth by the interſe&ion of the Equinotul URWY 
Meridian @ in the firſt Diagram) you muſt ſecke A, W#F##th 
ſtance of the Meridian N Z S from A the point of the Honwvan 
by which thereclining plane paſſeth , which may be fowl th 
three (everall Triangles, either AS z, or the verticall 6a" 
the quadrantall S Z D. 


In the firſt you have AS 309.0”, and S# 36 d.af, oh ke 


- _ 


0 a4 
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on by the ninth Caſe of R.S. 


d you have the baſe Zz514.32'and ZG 324, 
ken angle at G; to find the ſide G z, by the ſecond 
aſe of R.S. Trian __ 
Ge quadrantall S Z D you havethe angle Z 6o 4d. 
alureis DS the declination , and you have ZG 32d. 
- nation, and the quadrantall ZD god. tofindG x, 
emplement is A z by the firſt of the fift caſe of R.S.Tri- 
bing def red, For 


Fa & "x Logar, 
_ Z D 994, &, 10000,00, 


fie tangent of 'D $ 60 © 10238, 56 

Mo fo the fide Z G 32 11 9726,42 

-| 1th Ge 42 42 79964. 98 

1% JE 18'. is A z the diſtance of the 
Siena from the Horizon, 

7 lathe quadrantallz R P, you muſt find R P, which is the 

lthof the pole above the plane, by the firſt of the ſixteenth 
Gs, 4256hy For 


Tae: 
hrhefrerf eG 424%, 42 9831-33 
AP inthewbole ine go © -10000.00 
(, $# the tangent of 5 33 11 9798.87 
4 neerntefe > 42 52 9967-54 


| ar the ame triangle,by the firſt of the fifteenth caſe. 
Logar. 
th feof 2 % 514, 32% 9893.74 
Fol neeP od, | I 0009.00 
Whe fneofZG— © 9726.42 
s of? R ' 9832.68 


is [daſcina decliners (whoſe planes paſe by the inter« 
mh {e&ion 
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{eftionofthe Meridian and. EquinoRiall) the abſtileigzws 
dicular ap Meridian, therefore you need not feckes 
diſtance bs: weene the Subſtileand Meridian, which igal 
9o.d, falling upon-the'6 of clockhaure,  : 1:11 ,, 
4 ae wel zR woe is the diſtance of the ſabgaz(8*V 
t an god. the angleat'P © e'theree. 
bealſo gofrow whence apr peril tpn Wo 
equidiſtantfrom-the 6 of clockehoure in'EquinoRiall dt 
ſhall alſo have:the like diſtance of degrees in - their uch4 wt 
the plane, and fo one halfe of the Diall calculated fervent? 
as you may ſee in the Table adjoyning, TT 


| _ and: Equino- 
/, Parts from | Qiall di- | Logarithmes 
4 the Tubſtile. | ances. of pans, 


—_— 


—_ —— 


$ubſiile. 
| 8952.12 
' 926 0,74 
9449.91 
9594.14 
9717.67 
| 


WI» COM Sa wir Q Mo - 


| Equino- 
Qiall di- * | Logarithmes | 
ſtances. of rangents. the plane, 


d - , : | , 
45- 0] 9832.69 | 34. 14: 
| 54+39 |.. 9947+7I | 41+ 34|. 
60. © | 10071.25 [49..4I] 
67.30 | 10215,46 | 58. 40 © 9 
75. © | F0404.64 | 68, 30]: bs | 
| 82,30 | 10713,26 | 79. 31% 
"90,0 i: , * + FRA0G- O17 


td _— - — 
” r7 


rein the Subſtile is ſuppoſed to ſtand upon the 6 of clock 
Ring 90 d, diſtant from 71 2, therefore place all thereſft 
vares, as they are * es Yo from 6 together,viz, 5 H. 
Witland $ H. 3 H. and 9 H. &c. and ſet unto them 
wail diſtances ; unto the Logarithmeticall tangents 
ding the Logarithmericall ſine of the heighth of the 
LBePR above the plane which is 424. 5 2'Logar.983 2" 
Tiaſcribed into a looſe paper) you produce new Log: 
hy the firſt of the fift Caſe of R. 8, triangles : whoſe 
Ste tobeſer of by helpe of the chorde both wayes from 
tle hath been often ſheyſgd,, for 
T 


j | 0 
(© 2ut 


, 
" 


z 


| | Logar, 
Shabbe freof R P'S #9 the greater 'g01,.0' 10000,00 
» | Scheme of this ( hapter > —_— 
_nthetanrewof RP 5 I5--0 9478.05 
b3the fone of the fide P R 42 52- $832,70 
ig 40 tavgent of R 5 IO 20- X9260,75 


{and fo of all the reſt. 


j 
' 


The Geometricall projeFtion, 


+ VeTable being prepared, draw the Horizontall line A CB 
wont the middle of the plane: paralell to the baſe repre- 
93AZ B of the Scheme, in any part thereof, as at C make 
\ enter, and with the wideſt of 604..of the chord draw the 
[READBE, reprenting the reclinipg plane A G'B of the 
ae, from the Eaſt ſide of the Horizon at A downwards for 
JIE part of the Meridian, or { more agreeable to the 
=e)from the Weſt partat Bupwards, for the South part 
"FE Mance betweene the Meridian and Horizon A D or 
WH E94.15, to thoſe pricks draw the line F.C D,for the houre 
Ant Exſtwards,becauſe the declination is Weſt fet the 
o/KoXweene the Subſtile and Meridian , which in all Di- 
3| J=kindis god. and therefore talleth upon the hourg of 6 
MW. the » ADL INS? « 3 | QLVPI per- 


"I Mich 109.20". is the true diſtance of the fifth and {gventh - 


F Tar ofSuloov es: I99:07 


_ 
. 


"$5. > OTPRY: 


Ml wm 


North declining weſt 60 d,reelining 4218 | 


4.04 -»_ I... +, 


Sadar to the Meridian, 8& agreeable to the Scheme, in 
fired, viz,BFroAz,FGtozR,& CFtroZ x,the 

ofche Meridian, falling betweene the Weſt part of - 
rand Subftile.Now at the diſtance of 90 d.draw the 
6for the houre of 6 and Subſtile, tet of from G each 

s {by belpe of thecoore) upon thecircle;:E G A D the * 
ces ; as you find them .in the Table, viz. for the 
Wand 7, 104,20", for 4and 8,21 d.27', and ſo of the 
halt 8 you need adde none) fo ſhall you have prickes, 

SES freight lines being drawnefrom the Center, the 
"Iiwborrelines are given, Laſtly, from G either way ſet of the 
*” kefthe le GE 4.2 d. 52', and draw the line CE for 
 FikoftheWorld, which being erefed perpendicularly o- 
" witeSabſtile C G 6, the Diall is prepared for uſe,and muſt be 
6-0 nitier by thedeclination and reclination proper to the ſame, 


+. . 
if 
- | 
, 


——— 
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Cray, XIX 


Tidren the houre lines upon a North 6. moans, 
Ef weft, which cutteththe Merids ixt the Zenith 
[| | adEquineiall, | 


The ſecond Example. 


: SUR LIL North reclining planes howſoever decli- 
by ” ning , have the North Pole elevated above 
A YT -'them, and therefore the..center of the Diall 


2 


TT - 
F-Þ [A : ” 
[i the H 
, 
J : 
FY 
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the 5 isin his gt6atelt Nottherne declination, partl y by ra 
of the heighth of the platie above the Horizon,” __ _ 
retfon of the great declination thereof, hiding the © 
frotts all che Motning houres , which may hercoreh fi 


4 ofdcfſe, 
IE 4 Denvonftration; 1 
& this ſecond varietie , the plane repreſerited by theC 
B H Acutreth the Meridian at Dees the Zenith ul 
quator, Z Hbeing thereclination 164d. and Ze thedi 
the Equator from the Zenith 5 1 d. 32 . 4s aforelaid, 


- Eevaion of i pole P N 51 d. 32; 
Dita | Declining Welk NC 69 v 
| J North < 


Redbining ZH | 16: 0d | 


* 1 the diſtance ofthe Merid.& horizon AO Ly i 
2 the heighth of the tile P R— 


"2 3.the diſt ſtance of the ſabſtile & Merid, 1.0K 54 4 #* 
C4.cheangle between the two Merid, OF RT 


Efemref Sean owns | 202 


efottmet (0 in this Didll the Game foure things are a- 
ſand before you can calculate the bow fares ; 
he fir! tis A O inthe Schern adjoyning, which Nike 
tMeridian from che Horizon. The. ſecondisÞP R 
xofthe ſtile or pole above theplane AORB, the 
Sliſtance of theSubſtile or Meridian of the plane 
Merci of the place N P'S. And laſtly, the angle 
ne the two Meridians aforeſaid. 


The eArithmeticall calculation. 


Jora ; diftance A O betweene the Meridian and 

; | _—_— ec  feverall triangles, as in the former,butbecaufe 

27 pore x fame worke in all three varieties , therefore in 

fall Z $ D you have Z H thereclination given 16d. 

4 I WED theradius 90d. and DS equallto CN the declina- 

Ged.te find H O, whoſe complement is AQ deſired , by 
bs of ti the fift Caſe od R$. Triangles, For | 


"xg i 

[rutdenbele fre. Z D 90 d, © 100e0.00 

1] rethe feof the reclination Z H 16 oO 9440.34 

{On tbe tangent of the declination DF 60 0& 10238.5 6 

bs HO [7 9678.90 
| 


Lake emenit A O 646 29'.is bs ſtance. of the 
orizon. 
2 —— you may firſt find out Z O by the ſt» 


1 gfe the ezghth (Caſe of R,S$, Triangles, For 

Ke:  ... Loges. 
” \þ 4th freef the diclinstion Ds. 60d; & 9937-53 
Yn nlolfue W---- | $0 | © 10000.0g 
(ww Ine of the fide HO 25 31 . 9634.25 


Meſnedf the jle Z 0, 29 50 9696.73 
Vnto 
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Vnto'Z O 29d:50', addeP Z 38d. 28, "_ 

| fide P O68d. IS. | +4 
2 Inthe triangles O Z Hand O PR youm 
by the 1.5. of the fourth of Regiomontanus , or th 
fourth of Finkins, becauſe theſines of the Hypoteny 

pendiculars are evermore proportionall each to other 


As the fine of the hypoteuuſa.O Z 294, 50' 8303.11, ba 
1s to the ſine of the perpendicn, ZH 16, ©. 9440, BY 
So 4 the ſine of the hypotennſaO P 68, 18, 9968.07, 


To the ſine of the perpendic. PR , 30, 59, Fo7uTly,, kieſ 


Orif you will inthe vertioall Triangles AOS and M " 
the fame axiomes. - wy 


As the pne of O A 


1s ts the fincof $ eA 
&o % the ſine of O R 
To the fneof PR | 59 F9LORRE 
Which 30d. 59. is the heighth ofthe file of j Dole ; \þ 
plane, .. 3" 
4 Intheſame triangles, you may finde RO bp 
-Axiome of the fourth of P:rzſces , becauſe the ſines 
and tangents of the perpendiculars are bien | 
each'to other. | 
Un a 
As the tang. of the perpendicular Z H 164,0, 10542,514 
Ts to the fine of the baſe HO 25 31 9634%. | 
So uthe tangent of the perpendicu,P R 30 59 97134 | 
To the fine of thebaſe R O 64 26 £99553 TEM 
Or inthe ſame vertical triangles. _ * 


if 
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of $4 304, Oo, 10238.55 
vof $O- | 60 10 9938.26 
entof P R 39 59 9778.48_ 
T5 ” 64- 26' 29955.29 
9.26'. is the diſtance of the Sabſtile fronvthe Me- 


= 
= 
*c 


att, in the ame triangle you may find the angle P, by 
bj If tbe 1.421 5, or 16 caff Fas 


es of R.S, Triangles. 


X . Logan © 
320d. 59 9711.63 _ 

| 99. © 10009,00 

\ 64 26 10329.20 
76 10 1060857 


7 1 (760, 10'. is che angle OP Rbetweenethetwo Me- 


by elpe whereof wee proceed to calculate the houre 
1" | Uncas followeth, nm 


I, 


io 4 bytten you may conclude (as in the former) becarfſe the 


reene the two Meridians is 76 d..19;., and that 75 d. 


wm es diſt: atfrom the Meridian, the ſubſtile from whence 


» 
» 


ule lthetrue houre diſtances muſt fall betweene 7 and 6 
a, reckoned from the South, which in this example 1 1 2 
weht,andthar of the afternoon houres, becauſe the plane 
: Rarre Weſterly , and. is elevated fo highabove the 
ythat the Sunne is on the inclining or backe ſide of the 


+ 

\ as 
of $PFLR 
[ahtore 


M: 


© [Aneall the forenoone; begin therefore the Table at 7 of clock, 
x | Wenditat 64,28 in the example. | | 
f j . 


$ 


P23 Houres 


y_ 


P 424 


— 


| 9729.32 
| - 9845.06] 
\: 9970.86 
Q |'Fo1 19.95 

120320, 27 
2 [3 9666, 35| 


LP . 
43354 5 


= 


I 2B EG. ! 
| Fin nh 3 ther ho MD nes wr 


_— 


— 
4 . . = 


| 8756.91} 
9102.99 | 
' 9303.37 | 
945 2.40 
9578.19 
9693.93 
9808.43 | 
99 30.00 
X0069.,88 
10249.39 
IO528.57 
199374; 
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hecauſe 75 d. the EquinoQiall diſtance of 7and 5 
eſe then the diſtance of the Subſtile from the Me- 
a that ont of this, there remaynes 1 d. 10', for 
of 7and 5 of clocke from the Subſtile:unto which 
| tres of 7 d, 30, for every halfe honre,and 15 
houreunder 90 d. make up that ſide of the Tabte 
ih x2 H, £, on theother ſide of the ſubſtile is 6 of 
who 4 diſtance from rhe Meridian is 90 
Serefore ſubſtrat 76 degrees 10', the diſtance of the 
rom the Meridian dat ood, ſohaveyou 1 3.d. 50', 
aineRiall diſtance of 6 of clock from the lubſtile,unto 
wine by continuall addition of 7 d. 30', for thebalfe 
..0d 1 5 1 for the houres under 90 d. make up the other 
te Table, ending with 1 and 11 efclocke. This done by 
lſthe fft caſe of R. $. Triangles, adde the Logarithme- 
beet the heighth of pho aber 30d. 5 9 ( wr tran- 
lnto 2 unto the r: tangent Or EVETY NOUFES 
oftial SiRance, and you beget new Logarithm:tangents, 
arches are the true houre diſtances deſired,as I have often 
"an,ad were now needlefle torepate. 
& > The Geometricall projeftion, 
© bay therefore the Horizontall line A CB towards the 
+, aaeo pan , paralell tothe baſe ropreſcnging AZB of 
rene ofthe 1 8 Chapter:zin any part thereof, as at C place 
457 of the Diall, and with 60d. of the chorde make the 
8 ably D, reeaing AHB the reclining plane in the 
I Kt id, from the Eaſt point of the Horizonrtall line A 
TEY=pect thechorde)ſer A 1 2, 644.29', the diſtance of the 
Zpxiamnand Horizon, for the North part of the Meridian, but 
=p mabtheWeſt part of the Horizontall line (more agreeable | 
'| the Scheme upwards to I for the Squth part thereof, and 
7 ytheline D 2 12, for the 1 2 of elocke hore; from D to E 
| £549.26", the diſtance betweene the Subſtile and Meridian 
: k \ dfromit,. and draw thepricktlineC Efor the Subſite; 
y | hall BD of the Diall agree with A O of the Schetne, D E 
1 g R, and CD the houre of x 2 fall herweene them,zs doth 
Lb Sthe Meridian in the Scheme. _ the point E 4 IN 
/ 4 vor 
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North declining weſ 604, o', 
Reclining - 2%: De... | 


ſubſtile ( by helpe of the chord ſet the true houre diſtancesho 


wayesupon the circle A B D, as youfind them in the Table.V#/ 


to every prick draw ſtraight lines from the center C,lo (hal 
have all thc houre lines proper to this plane, Laſtly, from bul 


" | 


: 
fo 
o 


IEF 5a vi _ 
th of the Nile ', and'dravy the line OF, 
othe Axis, hot n 2 dat at right agles,over 


CE, mu oe pole ted to the North'pole, ſo is 
for uſe,and muſt be placed according to the declina- 


Y. T1 


Aredli T tion of the plane. 


CHan, XX. 
Y 7 
L. } hears lines upon a North reclining plane, declining 
# Wane, which cntteth the Meridjan betwixt the eAqua- 
' 43 


The third Example, 


He laſt varietie of the 6 reclining decli- 
N ners is when the reclitiing plane inter- 
ſeQeth the Meridian betweene the &- 
' quatorand Horizon : as inthe Scheme 
is repreſented by the circle A F B, recli- | 
ning from the Zenith Z theangleZ AF 
54d. and becauſe this plane declineth ſo 
: @ farre Weſterly, and cutteth the Meri- 
orethe Tropique of 2P,the Sunne ſhall ſhirie,both upon 
ndining and reclining part thereof, according to the decli- 
atjon of thE Sun, as by the ſeventh propokition of the 34 Chap- 
0 Dore at t large doth appeare. 


The Demonſtration. 


Now 38 you have done before, ſo aid you in this Diall alſo 
Remaking whereof differeth little from the former) ſecke the 
2] before mentioned', ere you can calculate the houre 
/ | Uances ; +42. Firſt, the diſtanceof the Meridian and Hori- 
| Td he beighth of the pole or ſtileabove the plane. 
| Prdyabediftance eofth Subſtile from the Meridian;and _ | 
os Ys 


Eleratonof hepoleN P_. $14,397 


Had i Si; CDedining Welk NC 604, oj 
©, JNorth | = 3 
Reclining Z F £8: X ot 


I diſtance of Meridian and Horizon AO zu! 
2 the heighth of the Stile PR -  560Þ 


Queſite! 5 crepe] xe. r J* 


p : 


4 angle between the two Meridians\Yog oul wl" 


ry 
Roe A Ois thediſtance upoR the plane of cciahl 1 "Th 


2 


EL SEiriovw es FAY 


he Horizon at A; Secandly , R'O is che diſtance 

NE ele FR hon dee ci ZS, 

ME hebeighth of the poleor ſtile above the recli- 

FAORB: andlaſtly, OPR the angle betweene the 
fancian ,QP R of the plane, and NP $ of the place. 


; 454 | 
C7 : i <. The AIESINE calenlation, 
Þ attadore (a5 fore) inthe triangleDZ S, a the 
wet L {the reclination 5 4d.and the quadrantall fide ZD god. 
F 64eD> chedeclination; (which is the mezſure of the 
DZ$604, you may by the ſecond of the fift Caſe find our 
ke 0 by the triangles S Z D, or OZ. F,r complement 
ft, WEAO teding defred, For 

ky 

D. ſl Logar. 
N [14 te whole fineZ D . 904, 0'- 10000,00 
| neofthe fide Z F 54 ©. . 9907.95 
86 et tenet of D $ = 60 © 10238,56 


Teens 54 39 - 19146.51. 


] n tic A©the complement thereof 35 d. 31', is the di- 
kaefthe Meridian and Horizon. 
»Inthe ſame triangle you may find Z © 7 the ſe- 
o th gh Caſe, For 


"Jager 

A "9 of the declination D $ God. o© 993753 

7 hnthe whole fine $ Z 90... . Q. JONGRY 
Vuthe ſneof F 0 $4... 29 9910.39. 

j WF feof Z © 79, 2 997306 


Ale 20 70 4 2unto PZ 384d.28'. ſo you WEE the 
kiver 01080. 30', whole complement to 180d.is PX 


"1 ie? In the fame triangle O PR you may findP R by the 
| Ig 


* 
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fifteenth of 4 Regiomontanus', or ſecond of 14 Finkiu lik. 
the Hypotenaſas and perpendiculars are proportio! 3 
other, For 4 rat 
A's the fine of the Hypotenuſa OZ 701 2 
75 to the ſine of the perpendicular ZF ' 54 » gg 
So is the ſine of the hypote: P Xthe cople:of PO 3x 16 gg 
T o the fine of the perpendicular Þ R 54 43.199 


Which 3 49,4 3'. is the heighth of the ſtile or polechowd 
Fourthly, In the ſame triangle you may find R Ohh 4 
teeth of 14 Finkius , or ſecond of 4 Pitiſcus : butt al 
and P O be both of them more then quadrants, contine@Þ 7 
ſides R B and P Nunto X, and find the Complementdf7; 
the triangle PR X. For Fin 
' As the tangent of the perpendicular Z.F 544, ©, gl i fe A 
Ts ro the fine of the baſe FO . 54 29, ones 
So z the tang.of the perpedicular PR 54 43 nya. 
To the ſine of the baſe RX 56 42 (jul 


Which 56d. 42'. or rather 123 d, 19. the Comendt21! 
thereof is the diſtance of the Subſtile and Meridian , recunyÞ2|- 
from the South, R Obeing more than'a quadrant, andRA&FES 

\ fide found, which is the diſtancefrom the North. . $74. 
Fiftly and laſtly,in the triangle,O Þ R you may find theapy > 

_ - atP,orratherin the triangle R-P X, which is the Compleat} | 
thereof, by the ſecond of the 15 ax 16 Caſes, For 


#- 


et the ſneof R P $44, 43' ognl 
Tra the tangent of R X 56, 42 101g 
So it the fineof PRX | go © noo. 
To the tangent of RP X = O4 46. 250 ? 
RP Xbeing 61d. 4.8. is the angle eounting from cells ho. 


= 
"* 


therefore O P R the complement thereof to 180 ( 1 
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$12; the angle betweene the two Meridians reckoned 
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Logarichmes 
of rangenrs. 
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8405.09 
9125.24 
9391.27, 
'9566.18 
9793.95 
9824.59 
9938.89 
0055.10 


| TOI82,21 


0334-12 


| 10541,04 
| 10911.37 


Hoare ar- 
ches on 


the plane. | 


d F 


L.27 

7.36 
I 3.50 
20.13 
26.50 


33-44 


40.59 | 


48.38 
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Logarithmes | 
of tangents. 


| ————— © 


8912.30 
9282.63 
9439.56 
9641.46 
9768.58 
9884.79 
9999.08 
IOTII9.71 
10257.50 
10432.40 
10698, 43 


Houre ar- 
chas on 
the plane. 


d e 


4.40 
I0.51 
I7. 9 
23.39 
30,25 
31-29 
44.56 
5 2.48 
GI, 4 
69.43 
78.41 


I1418,58 
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214 *' The Artof SHaDovves; 
Theſe things prepared ;- I proceed to make the? 
the houre diflandes from the {:bſtile » Wherein & 
that the angle P betweene the two Meridians cow 
x18 degrees. 1. reckoned from the South , whe 
degrees 1s anſwerable to ſeven houres from: the! 
dian, you may conclude, that the ſnbſtile of this Dy 
clining fo farre Welt , muſt be placed betweene the 
and eighth houres , reckoning from the South part of 
dian, or betweene the fourth and fifth houres from. th 
part thereof, wherefore begin the Table either with 5x 
or with 4 and 8, as in this example 1s done, Vato thebly 
and parts firſt ſet their EquinoGiall diſtances fromthe 
whichare thus found. Take 604. the zquinoRiall diy 
foure of clocke from the Meridian,out of 61 d,47'tt 
of the ſubſtile from. the Meridia! , 'and reſerve 1 de 
for the diſtance of 4 and 8 fromthe fubſtile, unto wi 
tinually adde 7 degrees 3o', for the halfe houres, andj 
grees for the whole houres under 9o degrees, The oth 
the Table may be tnade up by the Complements 'toth 
cauſe the arches of every fix houres 90 a.diltantin the qu 
are Complements cach to other : this bag a a5etiel 
garithme of 5 4 d.43'. 991 1.85, rheheighth of theſtile, us 
picce of paper, and adde it continually unto the Logan; 
'. callrangents of 169. 47', 9479.43+ for 3. andg, foes” 
the ſabſtile, and of 73d. 1 3', 105 20,5 7, for 9. and 7. QWEC# 
ther ſide of the ſubſtile, 6 ho.diſtant from the former:lokapphr 
new Logarithmeticall tangents, viz. 9391 .28: and 1099p 
' whichſetdowne in the Table. Laſtly , ſecke theſe new 
 Tithmeticall rangentsin the Canon , ſo ſhall youfind13l 
and 69d. 43', Fe true houre arches upon the plane , Wn n 
helpe of the chorde are to be ſet both wayes from the 1nwnay 
be bots often directed heretofore. tI/- 
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The Geometrical projeftion, 


Now then to make this Diall apon the plane, draw then 3 | 
zontall linc A CB abourthe mjddle of the plane , parry 


—_— — - 


b 


HADOVVYES 


- 


of $ 


-— —_ 


"IRMA 


- 
” 
- 
- 
® 


TLLOLEESSSTIT ©. * 


— 


ning Weſt 60 


- 
tans 7 


EE” 
” 


: 


North dect, 


>” 


4.0 
oO 


. 
8 
} 
* 


3 to 


mug 


* 


Revlin 


ad 


216 _._:The Artof SHamyovyrs, - 
baſe , & repreſenting theline AZ B of the Schen 

. thereofas at Cplace the center, and with 669, of th 
make the circle A D F B,repreſenting AFB theredin 
in the Scheme , from the Eaſt point of the Horizon} 
for the North part of the Meridian,or (moreagreeabley 
Scheme)from theWeſt point A unto O for the South par 
of ; ſet the diſtance of the Meridian and Horizon 35 d.yj 
draw the line O CG for the houre of 12. From G the 
part of the Meridian ſet the diſtance R X betweenethelii 
P R and the Meridian N Z Sunto D, which is found take 
41', orfrom the South part O, the Complement thered124 
I 9'. and atthe end of either account draw the prickt lhef 
for the ſabſtile ; ſo ſhall AO of the Diall agree withA0g 

_ Scheme, ODwithOR, and O CG the houre of 126 
between A & D, asdoth Z O $ the Meridian between 

' inthe Seheme; which done,ſer the true houre diſtances 
of the chbrde both wayes from the ſubſtile at Dupony 

. OFDG,as you find them in the Table, viz, 10d. 5k 
of clocke, 5 2d.48' for 8 of clocke, rd.27'. for 4 of 
73d. 57', for 110f clocke, and ſoof the reſt ; from\ 
ſtreight lines to the pricks afore-ſaid, which fhallbetut 
lines defired, » _— 

Now though all the houres after 8 ofclock at night yeus 

' yet becauſe their diſtances from the ſabſtile drawne that 
the center C to the oppoſite part doe give the hours Wi 
before noone, you may pricke them our for that ule', Wl 
no lines to them; laſtly from D to F ſet the heighth of 
PR 544. 43..cither wayes,and draw theline C Frept 
the axis of the World : Let C F be ereted perpenaiauay 
the Subſtile line C D, with the fide C F looking upwats 
North pole, ſo is the Diall fitted for uſe to the North a8 
plane 60 d, Weſterly, reclining 54 d. . 8 

And thus have you againe at one worke (as hath veenes 

{aid heretofore) made foure ſeverall Dials, viz, thisfor Ml 
his oppoſite South declining Eaſterly 60. inclining tos 
rizon 36d. : asalſo the. North declining Eaſterly 69 Ge 

ning 54d. and his oppoſitg South declining.W erly any Whkir 


>3..1 
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; hereof SHAD ONES 237 
4 Se Horizon 36 d, onely turning the Dials up and 
ind all, arid changing the figures of the houres for 
dafternoone , 2s the nature of the Diall or Plane, 
«it ſelfe will ſufficiently diret you. And thus 


kind ofRecliners, I will next ſhew how the In- 
$ drawne out of them, 


if 


"5 _ ach Mi 


Cnuar, XXI, 


Fi 
3667 
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0 houre lines upon any inclining plane oppoſite | * 
b_-- to the dirett reclining, . 


A : | 

SSLL direct Recliners are of two ſorts, eith& 

# North or South, or Eaſt and Weſt;in the firſt 

ſort, the reclination is part of the Meridian, in 

the ſecond fort iris part of theprime verticall, 

or Azimuth of Eaſt and Welt, contained be« 

tweene the Zenith and the plane , and ſuch as 

ers are,ſuch are alſo the incliners oppoſite unto them, 

ewe the upper face of rhe plane ing the Zenith, 

ay thenether face thereef looking downe to the Nadir, 

We indeed nothing at all one from another, but jig con- 
Rofeach part, as inthe Diagram adjoyning will ma- - 

peare, Wherein let Z H NM be the Meridian, Z O N 

verticall , H D M the Horizon, . OD z the Eq 
POSthe axis of the Wortd, P the Norrhpole} S the . 

&,Z the Zenith, an&N the Nadir, ROI and AO'B 

kinz planes, rhe one reclining Teffe then the- North 

rother more; R D I, A D B two inclinitigplanes , the 

Wing lefle then the Sourh pole; the other more, the np- 

wie rectinersreſpedting the Zenith Z., as the nether 

Ae ticliners doe the Nadir N as aforeſaid, Now asthe 

parP, or rather the femiaxis OP is clevated above the 

Wplane A O the angle P' O A, ſo is the South pole S,. or 

WISE lemiaxis DS , deprefſed under the inclining part of 

S=racd Dthe angle $ D B,equall tothe former; but in the = 
s tat * Ki "= 
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other example as R Dthe inclining ſia of wen 


Elevated =_ the North pole P, ry is OI, there 

R O1, depreſſed under he South pole S, with like 

an gles at the center;from which analogie you may concluds 
Dial made to the one face of the plane will fervefsr the ol 
and the heighth of the ſtile to the = is the ſameto the dl 

ſceing both faces of the planes have like reſpeR to eachpals 

vely to their pc wi 


ly turning them up and downereſpe&i 

where re ſtile oft the reclining plane reſpetterh the Nortnpwp 
the ſtile of the oppoſite the. inclining plane muſt relpeft, 1Þ by 
South pole; as in the firſtexample , which 1s contraryind G f "8 


_ cond, 
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A Inchning Northawd $ nth. 


woteto tnake any of theſo inclining Dials out of the re- 
Necth.or South as for example tothe South plane of the 
Chapter reclining 55 degrees doe but draw the houre 
Herecliner , ſtile and all,, (which in this example is the 
we theline 6 S 6) thorough the center to theoppoſite 
nſertheſame numbers of the houres on the right hand 
atherecliner (which is the Diall under 6 N 6) that were 
left hand in the recliner, and contrary as the example : 
ply ſhew , and let the axis NC. looke downe to the 
xe, 23 $.D doth up to the North pole , and the Diall is 
xd to theplane inclining 5 5 d. as was deſired : Addeone- 
remembrance, becaule the houres of the Incliner are here 
Fw the ſame plane with the Recliner , which doth 
wn to theunder face thereof, therefore perforate * 
Ne and draw the ſame houres againe on the contrary {ids 


3s 
W-_ 
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"© L 


' j 53 7nclining Eaſt and Weſt, | 


©-ltkereclining Eaſt and Weſt,there will belittle difference 
7 wit which ath beene ſaid of the former : Firſt: therefore 
Softhe Meridian AN S Bin the North and South, draw 
SEeaſtileB RSA in the Eaſt and Welt thorgugh the center 
dite PPC tepart, which done, you may either ſet on all the -. *_ 
ſtances, by helpe of the chorde,as they lie in the table of. 
Chapter) from theſubRtile of the Incliner SR B, as you 
(ay did from the ſubſtile of the Recliner S R Ay changing 
44 *ngb hand houres into left, and contrary, ſo'that the npper - 
Lp Mitthe Recliner may become the nether part of the Incliner, 
2 necenter S'inthe Incliner, re{peRting the North, as in the 
ner it doth the South ; or elſe draw all-the houre lines of © 
, Faſt Diall reclining thorough the center, as you did theſub- 
F Sc you haveat the ſame worke made both the Eaſt and 
| *ncung Dials 3 5.4, as you defired;. one 7 remonng 
2 588 2 or 
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Sonth yeclining 55 d 
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Eaft and WeſF inclining. 35-4. 
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Eaſt and Weſt reclining 35 4. 
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| Artof SHADOVVES, © 22x 
Welt inclining-to take the complements of the recli- 
to 12, and that but from three of clock afternoone, 
Hae ar night , becauſe; the Sunne forſakes the reclining 
Eiddarplane 33'afrer two, and then ſhinesupon the op- 
_ Eetitewiſefor the Eaſt inclining both the houre lines and 
Eoafrre as they ſtand, but muſt be taken(by perforation: 
 Tekrother fide of the paper, From hence you may coll 
Thrdereclining Eaſt and inclining doe both receive the Sunne 
\ Trrther at bis and thereclining Weſt,and inclining con- 
- Jartofhtw the honres till Sanne ſetting : with this mutuall 
-Tinjly; thar'as the Sunne in © forſakes the Eaſt reclining 

Trizent balfe an houre paſt two afternoone,ſo doth it _—_— 
te Weltinelining plane at the fame time, andasit forſakerh : 
{te Exſtinclining plane at halfe houre after ninein the Mor- 

x, & doth it ſhine upon the Welt reclining plane at the 
inetime; and each paire of them together make up the whole 
dnl arch of the Sunne conſidered reſpeRively. 
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Tides the bbwre lines upon any incliving declining plane oppoſite 
ht the reclining declining. Wi; 


WaaaA Have formerly ſhewed the (ix varieties, inci- 

, > dent to the reclining declining planes, and 

& thinke itneedleſle to inſtance in them all,how + 

0 FER the incliners may bee deduced out of them, 

E222 conſidering that one rule my be given for ' 

FF, F"* all, which willnot much differ from the latter 

{mol the ſimple recliners, ſeeing the reclination is alike proper 

£ «i; and the deviation of « 4 Subſtile from the Meridian, 

"Odrrefly agreeing in nature with the Decliners , that by the 

| Uipreceptot the ſeventeenth Chapter, they may be bath redy- 
ſrdto one and the ſame. | 

x oreany reclining Diall be ſo inverted, that the upper 

Mt ereof may become the nether , and after this inverſion 


Q_ 3 the 


he 
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222 The ArtofSuinowrs, 
the right fide of the recliner becometheleftfideoftheiga 


| andcontrary, the inclining Diallof the ſame dedinationg 


be framedour of thereclining, or contrary; only thefy 
houres in therecliner will become the-afternoone hone; 
incliner ; and againe, theafternoone houres of theupp!ep 
the forenoone houres of the nether, To proove this rule 
agreeable both to reaſon andart (which may be alſo ext 
to all ſorts of Dials wholehoure lines are not paralels)] 
deſcribe twoſeverall Schemes ; the firſt proper to theredn#s 


. decliner, the ſecond to the inclining Incliner, and ford? 


the parts of each , dedutted out of its particular Scheme) 
if you will be ſo curious, you may by this example calcilnew #4 
declining inclining Diall, thoughfor concluſion I willinls #4 
indrawing the oneout of the other, as I hayedonein the Bit" 
mer.” | b 
Let the example therefore be to make an inclining Dilly # \- 
the nether face of the reclining plane of the nineteenth \ 
ter, which is a Northdeclining Welt 60 d. reclining 16.4, Þ* 
firſt Diagram proper to: this example is takenout of thenins | © 
teenth os wp? aforeſaid , wherein ( as there is mention) | 
NFSV isthe Horizan,N P Z Sthe Meridian, F Z V thepine $'” 
verticall, P the North pole elevated 5 1 d, 32'Z the Zenth& F >> 
ſtint from the pole 38 degrees 28', AORB the n_ FY 
lane , declining from the North part of the Metidiantheza #2 
NC 60 degrees and reclining upon the azimuth, noſink & 
baſe at right angles, the quantity of Z H 16 d.q', the polr& nk Fi 
reclining plane ſo much elevated above the HSrizon at Caatit 01 


plane itfelfe reclineth from Z. Now there are fqure thing W's: 


- ' be foundour, (as in the nineteenth Chapter more at largeqpul 
appeare) before you can make the Diall viz, «0 the Upon 


of the Meridian and Horizon, PR thehgighth of the Pt Tm ſit 
Stile above theplane , R O thediſtance of the Sabſtile andWP3 
ridiaq , and the angle OPR betweene the two Me lf k W's 


Wherefore, 


i 


ao SraDGyVER 


dan 


Secondly; 


a fZD god, of, As the fineof SD” 604, ©. 

Far $60 © Totheſmeof $SZ 'g04,.0 
Ine of Z H 16 o Sow the ſineof HO 25 __ 
entof HO 25 31 Torbefedf 20 29 5 


w AO 64 29  eAddeZ P i: '38 28 
ina Horice, 4 Fit O P 68 18 


Q 4 | Third- 


x 


1224 te Af SH OV. 
Thirdly, Fourthly; 


Ar the fneof 2.0 29d.'50', Asthetagent of Z H 16} 
Tothe ſineof ZH 16. o Tothefimeeof HO oo; 
$o ts the fineofOP 68 18 Sowtheteng. of PR 6 11 yu 
To the fneof PR 30 59 Totheſfie * RO 7 
Heighth of the Stile, wh ar f the Subftile of 


Fiftly, 


eAs.the fine of P R / 204, 59; 
To the tangent ofRO G64 26 
Sotsthe fneef PRO go © 
To the tangentof RPO 76 10 
Angle of Meridians. 


Theſe things being thus found , you mult proceed «in fy 
ninteenth Chapter , both to calculate the houres, and tonde 
he Dial... "ny 
To calculate the incliner arkhmedical to the oppoſitepartef | 
the ſame plane,which is repreſented by the ſecond] x 
muſt remember, that the plane continuing the ſame tobothghe 4? 
difference berweene them is, that therecliners is the upperiaxe | 
thereof, reſpeRing the Zenith, and the incliner the bet & 
looking downgte the Nadir ; wherefore againe make the 
Scheme to theformer , bur turned the contrary way, anda 
things relpyt the contrary part of Heaven,therein ARVERSE 
ſhall repre 9 Se. ach clining ptane, Z the Nadir ,.P theS =y, 
pole, TY D the arch of declination 60 degrees from the Sal? 
pare of the Meridiay ar Sis & incliningupon the Azimath DIG 
the quantity of ZH r6 O P part of the Meridian und \þ 66 
thetarch between the plane m_ the South pole,and Qtbepod Ihr 
of theinclining plane, ſo much under the Horizonat Dm Its 
recliner it was above itat C : and generally in all thingy Bll 
oo 


the former, but incontrapoſirion, therefore the I 
igcond Scheme can differ nothing from the firſt, w 
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ef doe agree, yet to avoid all fcruple; you ſhall ſee 

rations deduced out of the ſecond Diagram ol rs to 
Kine , never particular Five i with the fir 

clude the truth of the former Rule as was pro- 


Eieſt, . _ " Secondly, 
utogzc 90d. of, Adrthefineof CN God, ©, 
4 F \  Tstothe fixeof NZ 99 ©. 
© FSoutheſineof HO 25 31 
5. 3x Totheſineef0Z 29 50 
29. AddetoZP 28 38 
FaraOP 68 18 
Thirdly, 
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E : Thirdly, - Fourthly, ' 
eAs the fineef ZO 294.50', As thetapont of Z Hl ik 
Tothe fine of ZH 16 o Tothefimeof HO) 4g 
So is the fineofOP 68 18 Sorthetang, of PR 29 
Tothe fineeof PR 730. 59 Tothefineof RO 64 
Heighth of the Stite, ," * Subſtile and Meridiay, 


_, Eiily, KK 
as the fine of PR 204, 59" | f 3 
P 


To the tangent RO 64 26 

Sotthe ſineof PRO 90 0 - 3 

To the tangent efR'P'O'- 76 - 10 KL 

Angle of: Meridsans, _ F Fay F 

Theſe things (as afore) founJout for the incliner, fir Wii 

by helpe of the anglebegweene the Meridians make teTanlnes 
for the true houre diſtances, which will in every particular oh 7 } 
with that of the nineteenth Chapter made for recliner, anna 
draw the horizonrtall line A 5 B,inany part thereof as at Snanguther 
the center, and with the chord draw thecircle A EBD, Winner 
if you will make either recliner of incliner , follow the dreas 
ons of the nigeteenth Chapter, this caution,for theth 


12 upwards,8& frofn 12 to D the diſtance of Meridianand ; 
ile, butfor the incliner ſet themrboth downwards fromAy } | 
12, and { to E ( as the yery Dilgrams themſelves witiranhhg” 
rence to the North and Sonth parts of the Meridian willy” 


% 


ciently inſtrud the ingenious praRtitioner.) The place &f 8 li * 


cliner count the diſtance of the Hhrizon and Meridianfrombts | Þ 


Subſtile being thus found, rake out of the ninereentn "gels 
the true houre diſtanets , ſet them fromi E both ways Wy br 
incliner, as there you did from D for the recliner, ſtile o_ 5 
have you dong ; adde onely the remembrance of the Wy 
Chapter (becauſe I wilk make one Scheme ſerve two "Ogre 
that ſince inthis inſtance the inclinimg Diall 13 drawneo 11% 
ſame ſide of the plane with the recliner , which in ce hh 
* poſition isoppotite thereunto ;- therefore pricke then WAL 
thoroughthe paper, and draw them againeon the 0 "ct F 
ſhall rheyſerve the turne, numbers, ſtile and all, wKhournm Rl 


£ 


alteration, 


I - 


b 


66d. &] 
16, 9. 


weft 


lining; 


North de 


\ 


Fad 


\ 
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i 
'-- 
) 
\ 
\ 
V 
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» RottoAENIS Diall; or any ofthe like kindowd, 
| HQinet;Iſuppditthebareinh S bo den | 


| diret,you: In.a wa refore let A 3:4.5,6, 
I Barce oft CE erect Goody 4 


* Stidſtile theres}, Which drawne thorough the cents ts 
the diſtances of each houre from D, and ſet them fraw 
houres under D above E, and contrary ; or elſe draw 
thorough the center to the oppoſite part ſtile anda, 
the Subſtile, and ſet theſame numbers to the I 
hned, that were inthe recliner, ſo have you madetlvin 
Diallto the ſame plane; which notwithſtanding mii 
thorough the paper, and taken onthe other ſidetherafh 
reaſon aforementioned ; and here you may further ny, 
the two Dials are dinided one from the other'; thecentd 
recliner downwards,and the axis S F with the hourey 
npwards to the North Pole, but the center of the inch 
wards,and the axis N G with the houres therof pointing! 

wards to the South pole, and the whole diurnall ad 
' houres ſuppliedby the two planes , the incliner recei 
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: Jade at foure in the Morning, and the recliner contin 
ams till eight at night , and when it forſakes thelowerls 
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_  Cuar; XXII. 


of eotifer divers bodies in wood or ſtone, 
making of Dials upon them. 


We ee 
| 
_— 
gr 


the former partof this Treatiſe I have ſhew- 

ed the making of any kind of Diall upon any 

& plain howſoever itbe ſituate,ſo that one might 

(agreeable totheprecepts of each ſeveral plane) 

& frame an entire, but irregular body atone view 

ME to prove the rules of them all,in ſtead thereof I 

few the making of Dials and cutting of ſeven other 

ine to the like purpoſe, but with much moredelighe 
ef which the firſt five are the Cube, the Tetrahe- 

OBohedrum , the Dodecahedrnm , and the ”_—_— 

fveregular bodies inſcriptible in a Sphere, theother 

ne of 2, the other of 30 Rhombes, deviſed by my 
ad Maſter Henry Briggs our Engliſh Archimedes, 
received direRions for the catting of theſe twa 
mdfome of the reſf alſo, anddoe inmemory of him 

uit to poſterity, #566 NN EE 
_becauſe the Cube is as it were the moles, or lumpe, our | 
We reſt are contriued ,- I will firſt ſpeake thereof, 
ere be lictle curioſity belonging to it, 
7, 
un. - How to cut the Cube. 

70 | 
Wea ſolide bodie comprehended of ſix equall ſquares, 
WBCD, ADE F,and D CF G, &c. the curring of this 
Mine \, by the definition : for' let every ſide of every 
Wequall, as ABrto D B,AE to C G,&c.and you make a 
Wat greatnes you will. This body is capable of five or- 
12J>s.the fixt fquare being the bafe to ſtandupon,wher- 
= uletthe fide A D E F South, then will the ſide oppoſite 
""F w.c deNorth, D C F G Eaſt, and the fide oppoſite thereto 

1adABDC horizontall,all which Dials are ready made 
"IF in 


- > - we - - 


. © - 
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inthe 6.7.8. and 9. Chapters ; bur if yol place any.awled 
horizontal}, as A D @ South, then will every (ide declinebh3- * 
for if you draw the Diagonall A C repteſenting the line d WI; 
and Weſt, and ſuppoſe the two ſides of the Cube CDadlMFE 
to moveupon the centers A and C from the Diazoml ICE be 


where they have no declination at all, till they croflea@anh2” 
at right angles in D, there ſhall be made a rig t linedriotwþb © 
gled Triangle , whoſe three angles are equall to two nawvyuyt 
gles by the 32 of the 1 Enclid, and 49 of the 1 Pitiſcu': dnt 
_— D is a rightangle by the worke, thereforethcangazaees 
an 


C ſubtended by equall fides are 4 5 d, a piece , andenbue 


_ quently each (idedeclineth from the line A C 45d, wings 
. D CFG isa South declining Eaſt 45 d.; and A D F E, wn 
declining. Welt as much , and their oppoſites North deauegnrh 
Eaſtand Weſt 45 degrees,allwhich toure-Dials are 10 
one, ready madein thetenth Chapter , obſerying the 
therein mentioned. da) 
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Tetr = "0 :-afolid body comprehended of foure e- 
ikterall We g's asareACB, ACD,andDCB,to 


4 A 


*Þg 
"MY 


1 | She /y6s-mult firſt make a paralellepiped BE F C: 


it be b readth A Dbe.z* 0000 ,. and the heighth AE the rvot of 
FL and the VA B AB theroot of :, $6602, upon the up= 
per 
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332 The Art of SyaDovwns; © 
per face and baſe thereof dtaw two oppoſite equaliter Triyy 
asis A DH, divide the perpendicular thereofP H equallt 
orDC, into three ſeverall parts, ſet the third party 
23367 from AtoN, and fromD to L draw theline NLj 
middle whereof, atthe point K ſhall be the vertexC; 
 theſolide ABD;fromthepoint L to the angles F andG 43 
ewo ſtraight lines L F and LG, doe the like on the og i 1 
fdeby the point N, cut off the two triangular portiow [11 4 
NA E, and G LC, NB, fo will remayne the ſolide body gh 
Priſma, whoſe twofides F LG, and the oppoſite, rem || 
Triangles, the other three fides LF NE, &c.are paralcogus b 
Next by the points FK H & the fide of the Triangle Fig | 
in the baſe, as alſo by the points EK H,and the other ſileefthe 
Triangle E H, cut this Prs/ma,and there will come forthe. Þ - 
lid body A CDB, the Tetrahedrwm deſirgd. The bodjhans | - | 
thus prepared, ſet the angle A South , then will the fideBC 
bea North reclining 39 d.28', 16”. , and the other twofls $- 
AC Band AC D South declining 60d. o'., reclining wthely. # ** 
mer , the reclination is proved by the figure,whereonthebd | © 
1scut. In the Triangle F D Lright angled at D, you hav 
ndicular D F, the heighth of the figure 81649 , andthels 
ſer ideDI 23867 the; of the line DC, to findthe aka | 


F, 63 the ſeventh Caſe of right angled plane triangles: or it yu 
make : 


eF Dradius, DC ſhallbe 10, 525595, and DL 39y, 
the 3 of D C ſhall bee the tangent of the angle LID; 
which being found in the Table of naturall tangent , lll 
give 19 degrees 28', 16" : the reclination deſired. The (hee 
nation of the fides may be proved tobe 60 d, by the angles 
by the 5; of the 1 of Pitiſcus., if a plane Triangle be inſoribalnet 
a circle , the angles in the periphery oppoſite to the Crappy 
rence, are + the Circumference oppoſite to the angles, buteaſp? 
ſide ofan X&quilater Triangle ſubtenderh 1 2 04.of the Cirawh 
ference , heleſace every angle the: thereof 604. if then" 
you ſappoſe BD of the ſolid tobe paralell to thelineoffalll 

eſt, and that D A'and B A move from that lineuponte@] © 

ters D and B, till they crofſe each other inA, cakingelp N | 


4 
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OO zall be alſo equall , bycbe fift of the firſt of P5- 
Ag if ” ir g 60 d. as rad. Having the reclinati- 
lane, the Diall proper thereto is tobe made 
*xtinde of the 1 4. Chapter,whoſe houre diftances 

nidian are as followeth. i 


Hoare ar- Houres and 
ches on parts from 
the plane | the Merid- 
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_ Motie tiyo South declining reclining hayethe ſane Diall 

lor bath, chanbing bur the poſition of ſubſtile and 
P 1.4 the cautions of the tenth Chapter will direct you, 
aol IT ageny herules of the 16 Chapter, the particulars 
"SI the boure diſtances from the Subſtile are as fol- 
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South reclinzug + 194, 28.: 16", 
Declining BA And weſt 60 - '0'  v 


r Thearchof the plane:berwixs da Meridian, 


2 Thearch of the Meridian betwixt the Plate 


» Hh En Zenith, 
he -heighth” &f the Stle” or Bok” abobie 


5 Theinvle betwecne the'twso' Meridians, - 


Diall betweene 4 and 3 of the Weſt 1 d. 50', 53" gf 
5170, 


/ 


The Offohedramis a folid bod y comprehended of eight 
Equilater: Triangles, asare ACB, AGD, BCE, 


. How to Cat the Oftohedrum, 


.H TY jo ay onres "on . Ho: 
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4 The Aatasbtrhe Subtle fromthe Min fi F : 
Therefore he Snbſttile fallethberweene 8 af Tp $a , 
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thibody; you may firſt make a Paralellepiped BE F C 
hi eck BCor AD be 109099 and the heighth 


Ww?AE or C G therootof * asafore $1549 and the length 
BAorFG, the root of 3 more by 5 thereof 1 1 54797 
adÞKandL G be 23867 one fourth of AB or ay 

AR BE | Y 
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by which draw theline I K upon the ſuperficies, andthe "5 i 
L in the baſe make two Equilater Triangles I K H upon they, Þ 4+ 
per ficies,& from the pointL in the baſe the like,ſo thattheny $.. 
N of the Triangle in the baſe may be oppoſite to thepoin k ok 
the ſaperficies, draw the lines K F, K L, and LC, on p 
of the figure,and the like on the other fide; cut of the tringh v4 
portionT K FE downwards, and the oppoſite to it LGQ |... 
upwards,and there will remaine two equall oblongsK1 BHC od 
and L F NE, thebaſe inclining from the lineBHCama 1. 
the ſaperficies doth recline from the papencnyy of NE +. 
next cut of the portions L K H and I H, above ; andLK\y$ 

; I N, by the triangle beneath, ſo ſhall you have at fix antes Þ- + 
lide of eight Equilater triangles AB CDE deſired, The boy | - - 
being thus prepared, ſet the angle C of the Horizontall\C}' 
South, and the ſame Dials of the Tetrahedrum will ſerveltte | + 
Ottohedrum alſo,for the plane D CE ſhall be a Southindi 
. and his oppoſite a North reclining 19d, 28', 16", a 

proved by reſolving the right angled triangle F DK, orL6C, 

. In this parallelepiped, equall co LD F of rheformer, DX, al 

- D L, being the naturall tangent of theangle F in both tha | 
ſuppoſing D F to be the radius,the planes D C A and ECB 
decline-60 d.and recline as the other, and their two op 
decline and incline as much, as were eaſily proved, but thattle |. 
bodies themſelves, joyning the reclining fide B C Dot theTs} 
trahedramto the inclining fide D CE of the Ofohedrim, wi 
plainly demonſtrate theſame , the Dials then bemg alreatya 
culated for the one,it were needles to reiterate the worklurlt 
other, onely for the inclining planes,! referre you tothe 1w 
22 Chapters, | 


How to cut the Dodecahedrum.” ©. 


The Dodecabedram is a folide body comprehiendedati Gmen 
<quall Equilater-pentangles ,* as are H!SR.V.Q g,B$ by thoſe 
HOEA &e.;Tocut this body , :you muſt firſt makea LP ok 
is pqrs v, divide cachſide into halfes , as p qata þ :7* be 
and xpat cd. Let cach halfe p a, x e,*and ri be thief / FR 


(19900 divided by extreame and meane proportion p g, x h, 
alV © ſhallbe 61803 the greater Fs wan , andeche, and 


adnh 33:95 the lefſer Segment, and ſo mult the reſt ofthe ſides 
Alodivided, but with this caution, that the middle lines and 
| ot every ſide conterminous be drawne crofle to other, 
p ne ofp q,rx, crofſe to thoſe of xr, SV , and they againe 
4 letothem of px, V Z. yet every. oppoſite ſide paralell to 0- 
i ver; From the | ea ſegment of the one ſide, to the middle 
A eefthe ther,drawſtreighr lines croſſe thebody,as arenc,k G 
| R 3 an 


R * 
. 


A 


238 The Art of SHADoOVvEs, 
and h b. Cut off each trianguler {eu or Priſma, viz; na tallht 
L Kfe, and mhba, andſo of the reſt ; .ſo ſhall youar;1s hk 
frame the Dodecabedram confilting of 12 pentangla, aiyhdt# 
preſented by the firſt figure, - Joke 
The body being thus prepared, ſet the angle Hof tell 

zontallplane HS RV O South , then ſhall the five wont 
planes recline , and their oppoſites incline as much 6 pu 
R V DK C ſhallbe adire& North reclining 26 d.33'.54 08h" 
V OD EjfandRSBC, two Northreclining as mich, {4 hug! 
clining alſo 72 d, HOE A, and HS BA, two Southredip WW 
as much, and declining alſo 36 d. the reclination of allfyekay} ied 
the ſame, is proved by the cube, whereon the body sathra} 
triangles b x h,or cxn, right angled at x], letc xorbx,keÞ © 
radius, 10000, then isxn,ot.x hthe greater ſegments hh 
the naturall tangent oftheangle* cn,or* bb, giving 31447 Þ + | 
3”. whoſe donble 63 d. 26'. 6", ſubtrated.out 180d, la} | 1 
16 degrees 33', 54". the inclination'of the planes adn 
other , andſabtraced out of gp degrees leaverh 26 bom 
33'. 54”. the reclination of them. The declination & &| - 
planes is more manifeſtly proovet our of the bodyit(:k} ** 
{:tting the angle H ſoath, the fide'V R repreſenteth the lined * 
Eaſtand Weſt, from which ſideg.R S$, and V O| of the tm 
North reclining planes , doe degline K RV the complenatd} | 
the angle $ RV to 1 80d. For if you ſuppaſſe the line SKK, 
ing upon the fide RV,whereit hath no declination,tobenonl] | 
about upon the center R.till it returne into the duepoſitingt] ©. 
angle S RV ſhall be 1 80 d. 7 of a femicircle,ſubtendedbytrty - 

ſides SH;HO,and OV, containing 216.d,'& #hb1179.4f 

the 4 Bdakevof Enclide,and K RV 724: the complements] 
of to.1 8d d; whictiiis the true declinatibnof 'thoſe rwoplny 

andoftiie two inferiout'oppofite ro them, /''- i 
© ' Now againe, ſnppole the ſides: HS, or HO, ofthetwow 
rechn pages to lie inthe prickt line S O, paralelloÞ 
then alle ch line turning upon his center S and ,u 

due poſitions declinefromthe line S O the quantity of ol © 

gleHSOor HOS which being ſabrended byhe linsÞb 


l 
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{ns containing 72 degrees, the fift part of the circle of the 
Woo © tele. thal Ro t halfe fo SE by the 52 of the 

Som, piz.46 d:-the declination of thoſe two planes, 
Ig oppoſites; and it the angles at Oand Sbe but 72d. the 
us —lleqtall tothe angte Ris 108 d, by the 49 of the firſt of 
b rityou ſuppoſea Meridian line from K H to be drawn 
I adicalar to OS and V R the angle KHS ſabtended by 
- af 5k IiofV Ris 54d. the complement of-h SO deſired. 
TS inethe teclination'of the North plane , the Diall to it is 
F alenade like the ſecond kinde of the x4, Chapter, whoſe 
rol edillances from the Meridian are as follqwerth, 


CES 


4 £# t k SY = 


T Te | 


, S ©; * WING The houre | Houres and | Houre ar- 
4 parts from | arches on , parts from . f cheson the \ 
| the Merid, | theplane, | | the Merid. { plane. 
| 12 © 6 48] | 9 3 [42 12 
+ [13 39] | 2 [49 45 | 
ar x 120 337 | 8 4 159 30 
6.2 [29:\38]-5.4 5.56: -©. 
» (10:2 [34 49] || 7 5 P7332 
%: 3 1 OP | 4-:Y 81 44 | \ 
l F Th 1 $544 


— E” —__——_— 


A PRD C. North reclining 264.33, 54. 


;, efdding toit 38.728. ©O' 
| Theheighth of the ſtile 65 * 1 54 
7: TheLogor: 9957 3875 


Tetwo North recliners and their oppoſites declining 72 d.o', 
Metefame Diall ſerving for all foure, changing the poſition 
$FUle and houres, as is heretofore dire&ted, and are to 
Weby therules of the 2.0 Chapter, the particulars whereof 
Mite houre diſtances are asfolloweth. 

a | R 4 Houres . 


Ss SSA EECH#H =. 5 


= £> 
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j Houres from Houre ar- | - Hotres from wing, 
the Subſiile, | \ches on || | the Subſiile, 1" 
| the plane. | 4+ 1 "I (7.4% 
| AE mm RR 
Homres, | * © | þ : Honres, 0 | 5 t - 
6 ,'6]. 2 no'ſ' . 'q*, r 43+ 
F169: $0: 1-5: 480 
7 + $ | 20 17 L 9 49 
s -|-14 41 | 4. 8 | 14-12) 
B , \4 | 19 30-|/ 4 1838] | 
x | 24 55 3/9 | 24 4& 
9 3 | 31 7 I. 30 25 
s5* | 38 26 | - 2 .f10 | 37 35 
10 , 2] 47 9 x 46 8 
F 57 35 I, 11 | 56 22 
=Y I | 69 51 5 ' 68 26 
I | 83 37 12. 12 | 82 F 


RS BC, antVODE, Northreclining 264 33, 54", 
Declining alſo Eaſt: arid Weſt |: 72 0 «, 


s Thearch of the plane betwixt the Meridian and | 
the Horizon 36d, 0.0) 
2 Thearchofthe Meridian berwj ixt the plane and 
the Zenith $8 1657]. 
3 The heighth of the ſtile or nole above the plane 31 23#pÞ 
4. The diſtance of the Subſtile from the Meridian 82 4 #} ite 
5 The angle betweenethe two Meridians 85 504 
{ 


31 4. 29, 20", the Logar. 977: 7414. Io [* 


The two South rexliners and their oppolites delnin, 6 | 
0”. have allo the ſame Diall ſerving for all foure Wit ich chetonk'y 
cautions,and are to be:inade-by'the rules ofthe 16 Guapt 
partichlars whereof with the houre diſtances wm the oy 

| are : as falloweth. | 
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WOO from | Houre arches | Houres from Hoare arches | 
l., | on the plane | | the Subſtile, | on the plane. 
jr q : Howres, « : | 
'# o in . oO 234 
4 © $7!/!] $9.3 f} . 1x 30 
| x 44;} : 2 9} 
3 "$011 334 ]7'3: 8 
3 34 : 1 _— 
I | > I 
6 * f* 6 56 
7 {1 $6 6 | > JF 
10 36: "i I2 26 

1+ $31} 5.7 | 20 234. 41 
23- 15  n 3x 9 
[-P 32 | 4 . 8 bG Wi 


1124 ad HOE ASonth reclining 26 4.33. 54”. 
4" Declining Eaft and Weſt — =>» . © 
" wa of the plane betwixt the Meridian 
ad Horizon. 


1 Teach of the Meridian betwixt the Plane = 
0.4 ud the Zenith, Sn: 404; 2 
| The heighth of the Stile or Pole aboue | 
i of 5 44 15 
$0ks: of the Subſtile from the Meridian 3 33 36 
;#}\Reagle berweene the two Meridians. 31 53 40 
Ay  '34, 44.15”. the Log. 8999, 8739. 

©. "How tocut the Icoſabedrum. | 
1 | ZR Feſabedr 2m is a ſolid body comprebended of twenty e- 
$81 Wekteral) Triangles, as area bc,abd,ace, c bf, &c. 
EXE two wayes to cut this body, the one-in the very 
[8 | anger 38 the Dodecahedrum was cut, drawing the para- 
6 | won the C*be at the diſtance of the leſſer ſegment , as 
"| RJ draw them at thediſtance of the greater ſegment. 
| Ker way 5 thus ;- divide each ſide of the Ce p qrs v in- 
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to, halfes, and draw ſtraight lines, croſſing atright angles,ui PR | 


bd, ce, th,gi, km, and In : then makingpo, 021. 
fide, the radius 100000, letac the reater ſegment 6' 0 KT. 


from aupon each middle line, to crofſe atbcd eand gh I / 
by each two prickes, viz. b e, cd, bc , and ed, draw uugp 
lines, croſſing each other at right angles,ro nd abourthe 14A 
fo ſhall you have $ equilaterall triangles , ſuch 45 are 234*HIeN 
&ec.by which every corner being cut off, there will renufe by 
{quares, ſuchasbede,fghi,klmn, and eight ſexanges | 

ſhall bd be the baſe, and the pointg of the next{quare®! 


L 
nb 
LL " 
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 TheArtof SuaDovwves: 2423 
4 curthe triangle b dg; andgi ſhall bethebaſe, and k 
wocitout the trianglegik, andkmthebaſe, andb 
we, to cut out the e117 when te and theſe three being 

lavea fourth trianglebetweene them kb g, and {6 © 
1 +; SUR I I & 5, ” 99 24 . 
Swboly being thus ed, ſet the anglec of the horizons 
Re thatoS Abe adirect North declining 854, 
Hand the oppoſite South inclining as much, ace, and 
\Kretwo reclining as the former , butdeclining alſo 
"WM heother fix planes conterminous with theſe three doe all 
- Site 19d. 28.167. whereof the rwo Meridionallg ce, 
"Hector alſo decline 229, 14'. 29”, the two backward 
dezephncs kb, and ha d doe decline 37 d.45'.41”.and 
Kim imermediate Septentrionall planes b kf and a he doe 
Kiiet:deprees 24%.19%.and. as theſe, ſodoetheir oppoſites 
- Ikadincline-as much. The reclinationof the three ſupe- 
 Jinglnes may be proved by the Cube, whereon the body is 
\ T the greater -fegment of the, halfe fide 18 the naturall 
* Jagntet an angle,the double whereof ſubrttaRed out of 90 d. 
 Pittereclination of the planes in the Dodecabedram, lo is 
| pon E or Z $ in this Cube 33:95 the naturall 
JanceftheangleZag in the Cube,orz g c inthe body,2od. 
$i, thearch of-the Meridian betwixt the. Zenith and the 

Fs the complement whereof is Zc g , theangle berweene 
20 ARS di age the Plane, 
uppoſing a perpendicular 
rated = L £4 ect with 
the Horizontall line in C 
continued , double the an- 
gle Zag, you have 41 d. 
48'. 17", which taken out 
of 180 d. leaveth 138d. 
11'23”, for the inclination 
of the planes, and taken out 
of 90d. leaveth 48 d, 11”. 
23”. for the reclination of 
abd,accandcbt, the 3 


{ape- 
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ſuperiour planes, collaterall to the horizontall, . Now, hyj 
of the former arch and angle;, you may.alfo find the. reel 
of the other ſix ipgriour planes , by the ſccondof the fol 
R.S,triangles, which will more plainly appeareby dra 
ſeverall Scheme, (like unto this) proper to cach plang,y 
Fisgiven thearchof the Meridian betweenethe Zen 
he Plane asafore,and-Z F G the complement theregf the 
betweene the Meridian and the Plane,and the righ ok 
To find the ſide Z G the reclination deſired, by the ſec ? 
firſt Caſe of R, $, triangles, For _ 
Logan. 


As the fneof ZG F / 90d. © ©", Toons 
Ts to the ſineof Z F 20  . 54. 183 9552 
Soz the ſineof Z FG, 69 5 - 41* _ 99704 
To the fine of Z G 19 | 28.16 #95224) 
Wherefore 194.28'.16", isthereclination of theſixlup 
planes, which we longht for, _ ot 
The declinations of theſe planes may from the ſame «a 
as eaſily found, whereof a c e, and b cf ,- two of the {t 
planes decline 60 d. apiece, asis manifeft, becauſe theo 
rall lines of thoſe two planes a c,, and b e, doe'declineronw yu 
line a b repreſenting the Azimuth of e and W ,untill they pay 
an equilateral,triangle;a b c which 1s equiangled by the 18 [3801 
firſh of Pitiſcns, __ each-angle containing 60 d.by the 5399 
ſame , the declination of the two Meridionall planes Fr ys! 
gec may befound in the Diagram aforeſaid , by #he/1/4Rg0n 
13 Caſe of R.S. Triangles, 7. * ' Ro 
As the whole fine B G "90, d, Q, 0", 10000088000 
Ts to the tang. of the reclinationZ G 19 2 8.15, 95494} 
Sou F 8 the cotangent of F Z 20” 54 19; 104179 
ToSB the coſine of the declinatio SC 32 14.1 9.899604 
Now as the declination of thele rwo planes'15 found? | 
particular Diagram,ſo may the reſt by drawin ſeveral "| tt 
proper to. them, but they may be more eattly rawne ou Typuhe 
gure repreſenting the body, by way of diſcourſe onely, wo bl 
tutther ſolution of any triangle at all ; for if you ſuppoiemnyue” 
lines to be drawn within the body of the Poofſabedrumjtos pe 
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Lof the three ſuperiour reclining planes , they will 
wilateral triangle,as 15 f d e,& theangles of each paire 
erjacent,to witgtc,&gec,bf kandbd ka eh, & 
but. 30 d.apiece in this plane ſuperficies, whichare 
efolic body,the ſides alſog c,kb,and ha, ſubtending 
will fore ſhorten proportionally, for ſeeing d g the 
tiangled fg,is the diameter of the circle, including al 

wd angles,by the 5 34 the 1 of Pitiſcus : the angle F fg 
fehtangle,but cf Þ is 604, one of theangles of an e- 
mangle, therefore g ct 30 d.thecomplement to go ds 
rudel ired.Now if you make c the radius, eg ſhallbe 
teot30d. and the naturall tangent of 224, 14.19”, 
gken of the ſeor (opened to the wideft of c f ) ſhall 
ticks atr o,and V.to which ſtraight lines being drawn 
doit the body,viz. from the angle, fr, andf o:from the 
windd v :andfromtheanglee, er andev, they ſhall 
(ibehorizontall lines of each ſeverall plane,as fe, ba, 
Hline of 4z1muth of E.and W.the difference betweene 
bolines is the declination deſired : for if thehorizonrall 
rer; be ſuppoſed tolie upon theline ef, where ithath 
tation at all, and to move upon the centerseorf, into 
fitionatr, then ſhallrfc, orret beanangleof 22d. 


had j . * 
aaMithedeclination of the two Meridian planes defired : 
; 


A 
* 0 . - 
# a» 
- | , 
a # 
Ls 


a 
4 
p, y 


. Y _ * 4 
| 


borzontall linef o or ev lieuponthelinect, and from 


Ke move _ thecentersf and dto their dne places , at o 
C0 an 


Icerſhallbe anangleof 82 d.14', 19", viz. cbt 
d.andbfo; or aer 22.d.14'.19', the declination of 


| tlierriediate planes defired. Laſtly , it the horizontall 


dry d beuppoſed to lie upon the verticall o v,and from 
thoveupon the centers o and v,into their dne places at 
dandm rd ſhall bean angle of 37d. 45'.41”, the com- 
mdfmdo,or m dr,5 2d. 14.19”. compoled'of the rwo 
imdb 30d, and bo, 224.14. 19”. and therefore 
iharion of the two Septentrionall planes defired. Theſe 
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Houres 
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this ed, the North reclining Diall 48d. 11. 23”. - 
ade like the ſecond kind of the 1 4*Chaprer, whoſe - 
mt. ances from the Meridian are asfollo weth, 
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' | Houres and 


from 


| Houyes. 


aL.» 
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wie 2 14 


Hours os- 
chez on the 


$290} 
29 57. 
37 . 27 


144 - 37 


25 we 


bw” b 4 North reclining 
_ adde thereunts 


The heighth of the file 
The Logas. 


Pe 


48d. Ii. 


38 


6 


9999., 2600, __ 
- Theother two South reclining as much , and de 
4 ont. be tang no charge the ame Dill, | 
poſition of the ſubſtile and 'houres , ais ry | | 

be thade by the rules of the 1'7 Chapta,telſe | 
particulars whereof with the houte iltances from ":1 WL. 
Dea followeth. - 6 Þ4 
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Hd SranovyaR 247. 
£ South ps d: 6 A 
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Rot tiettle af ble davorke plige 28-242 
kf the Sib #5 $i Weg 18 41 iS 
W ye ber een thera Meridian i1ZBy 3% 22. 
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ho tr 


"Im my > reclining 3 i9d Ty WPI ef , ITY 
2? ne244.14'.19”.and are to be made by the rules 
, JibWopter, the pans omen ares followerh, 
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bin $207 WCET 
| codes Gow: Hourearches.. |. 
| GePablile. paſheplang, 1; 
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Ie. c and” gec "IP" ceehiadie 194.28', 16", 
eclning Eaſt and Weſk 22 14 19 
; 1 The 


*x* 


24$ The Artof Suxn owns; 


x Thearch of  theplane berwixtthe Meridian * 
and Horizon. 32d, 
2 Therchof ig Merianberwithe Plans 


and Ya & 4 
2" The of rhe$tile or Pole above the 


4 Thediſtahce ofthe Su an ry M 
S The anglebetweene Meridians 0 " 


'The two middle Planes Noth reclining as nach 
eha,doedlfodecline 82 4.14.19” . and areſoto ben a, 
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grooetoreetm _ _ ::/AkyC 
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——— TOI: n Ok TROY 507 bt" | =_ gh 
' | Howrer, | ® *' | | Homres, | *  * 1 
Fj 4-73 0--#F4)-$; 6.248 | ; 
| BAR 0 3 '33] | i.» | 4 531] 1 
| 2 35 $I © 17 
4$*/ &| $8 23 * 7 10 4. 1 
Wh 1K. 8. 4 14 0] | 
3.. 9| 15 6] TE, | 18 H | 
$ I9 21 | Se Fi 23 'r3 Brages 

+. 16f 24 35) | {5 | 49 HE 

$ "| 3e 38] | lo, 3| 38 $1 nw 

1, 1t| 40 42 $- 7.96 i 
2 5 53 37] | xt: n 66- 36 * 

hte FRY 71 5s op [; 7 17| 

kfbandach MNorth reclining 194, 28, 8, IF 


Declining Eaſt and Weſt Ry 82 14 W%. 


. 
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< of theBlane betwixt the Meridian 
22d, 14.19" 
hefedeMeri tbetwixtthe Planeand ].. 
69 5 41. 
x gi of the Stile or Pole above the | 
19 $53 19. 
oof the Subſtilefrom the Merid: 71 17 90, 
derweene the two Meridians 83 25. 34. 


4 4 
£ v0 4 


| , | eo ro North reclining as much viz. kbd and had 
d.sa5'.41”.andare to be madeby the rules of 
— particulars whereof with the houre dtſtan« 


at Subſtile are asfolloweth. 
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' {| Koures from | Houre ar- 
the Subſtile, 
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kdbavdhda MNorth reclining © -. d. 28. if 
Declining Eaſt and Weſt. | _— 49-4 | 

1 Thearch of the Plane betwixt the Meridian Ps - F 

the Horizon. ': 75 21 

2 Thearchof the Meridian berwikt the Plane and :::1/:;.4, 

the Zenith *" = 24 we 

3 Theheighth of the ſtile orpole above the plane s. 

4 The diſtance of the Subſtilefromthe Meridian a2" "e364 

5 Theangle betweene the two Meridians, A. oF 
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How to cut the bodie made of 12 
'Rhombes, 


Rhombe is defined by E velide 31 De 0 
the firſh Booke tobe an oblique*Pa irs. | rnd 
conſiſting of foure-equall ſides, 

angles, as is the figureabcd; ; of hirhla y {xm d, 
| be compoled two bodies, theone: 12 bb " wit 
My asis the Rates X0 h AOLNE 6, Th Wert 


off utah x | we 
109000 the brelil 
depth ad fg of 


0710, Di Ws 
Jengehi into two equall pare at n, 1, 1 from n thel pointsdn# "1; 


be Art of SHADOVVES , 251 
"Jp lines rotheangles,and 
they ſhalincludefoure 
Rhombes,asaremik1, 
and 1p nr, &c, Draw 


upon -each: end two 
Diagonal ins 20 
bd; which joyningat 


each angle, with the 
lines drawnefrom the 
middle points , ſhall 
makeup eight Trian- 
CET J glesyſachas1salc;&c; 
pw LE _ cut away'each corner 
""Iiſeeniungles, v:<. ws the-triangle al c,, and f bythe Tri- 
-J&fflt,:nd fo ofthereſt, {o (hall you at cightſeRionsframe . 
"Jody of 12 Rhowbes, ſach as in the example appeareth. 
* I iebody being thus prepared , ſerthe acute angle C of the 
unmll Zhowbe a b cd South, then will fheg c be adireRt 
ps ad bis oppoſite a dire& North Diall ; the other are all 
Eamgalite, whereof the foure uppermoſt doe decline 30 d. 
woppoſites incline as much, as may be proved by the pa- 
A | 
mee, whereon they are made.; from any angle whereof 
Faamddaw the perpendicular d r , croſſing the line a1 at 
R&g6nr,then ſhall d rbe thenaturall tangent of the an- 
| erth clinatien-defired ; but for the morecaſic findin 


* 
m—_— , OR. 4 
* -* » T5 \4 _ 


— I. 


1 he1"gh; ſeekethe declination of the ſaid Rhembe, Suppole 

Seotgcot the paralellepiped ſtand South, andthe line lr, 
whe horizontall fide of the Rhombe cb ef, to lie upon 
"6 repreſenting the prime verticall, then dothirnor | 
St, but moving itupon the center 1, till itrcturnein- 


Se polition,lit ſhall decline from 4 1 the quantity of the 
$012, nd fo much doth the line n d an the back part there- 
mefrom the fide n a paratellto14'; wherfore in theright 
rr angles ad1, or dan, if you take a norld the root of 
tic. dr Hen _ d even 4142 be the natu- 
Re. Peangleand,orald, whichgives 5 4.d.44'. $'- 
aw anion defired, as in the table of RY Roth 


$ 3 Or 
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Or againezif you take ad (with reference to the wii 
af, for radius)asit is firſt given 72719, then is it thew 
tangent of the leſſer angleafd 35 d.15'. 52", the com 
of Je benmy, Laſtly, in the triangle ar d right angleds 
you make ad:the-Hypotenuſa, the Radius , then ſhalldy 
ſfineof da r, the complement of the declination,by the fin 
of R. S. triangles, which being 35 d. 15'.5 2”, the'na 
thereof is 57735 equall tod r the naturall tangent of thed 
tion 30d; becauſe the two right angled triangles ard, 
have the ſidesadanded equall, and the fide dr comin 


. 
ws 


both. Thele things being prepared , two Dials ſerve for 
whole body (except theor inary ones of South, Nort WF" p 
rizontall) which are to be made by the exatnples of he17alilu 
19 Chapters, the particulers whereof with the houre uni” 
from the Subſtile, are as followeth. *® FT 


| Houres from | Houre arches | Houres from 
{ rhe $ubſtile. | ou the plane. the $ubſtile, 
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The planesadjacent to the ſides of the horizontalldaJ = bing: 
North reclinin 30d, We "* 
Declining Elf, And Weſt | 54 41 *%% Þ 
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= _— berwixt the Meridian, 


v3 d, , 8”. 
hh Meridian bet the Plans ” — 


45 © © 
n of the Stile or Pole above the 


bY - 44 37 44 
ofthe Subſtielrom the Meridian $80 47 51 


ee ro erate © 83 30 24 
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Declning Eaſt and 
I chof he plane betwixt the Meridianand 
1 hef ih Meridian betwixt the plane and 


54. 44. 8 


54 44 8 


d 45 © © 
4 Teh at h of the tile or poleabove the plane 4 36 53 
"4% of the Subſtile from the Meridian 4 37 48 
b4 in ingleberweene the two Meriaians 0&7. 33 $ 
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This body of 30 Rhombes, repreſented by 


curthen 
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ubleſomo to 


ſomewhatmore tro 
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E the Cubs adjoyning a mg k, dividing every 
Ectreme ahd-meane” proportien , which is thus 
ma b g;b-m&e. be'x 0000, then ſliall ac;.b d, 
» &e. be 6180-th od a r ſegments, which rake 
zencd to the y wideſt of any ſide,and ſet from each 
Ls *%e. both wayes, ſhall leavead, b &, bb, mn, be, 
if 19 the lefler Samet of the ſame ſides ; from the 
dhevreater ſegaetits on the one fide, to the leſſer on 
wide, draw paralell lines , asarede,af, bg, and 
php ith oe ofwyd rapes: lines,as arecl;bq, e k,and s: 
FM) k, andag, unto the le ſegments, 
tf Maia "4 draw paralell lines as arcap,gc,b i, 
ave you all the lines on this fide the Cube, neceflary 
| in cutting this body ; and thus muſt you doe with | 
dit elof the ſides, 
* Tels being drawne as you ſee in the example, there are 
x mr wles framed about _ ſolid angle, as are the prickt 
L ſh Andeandgne, aboutt pond 4 by which that an» 


- 


bh 
rind 
1 


ON 
1; 
, & 
v1 


5 ethree times cut,(continningeach line as part is cut a- 
lf | Wo id confuſion) f@ (halt you at.24 cuts, produce the bo-- 
[hi - 1m the thing deſired ; which being prepared, ſer 

Nof the horizontall Rhombe thereof NM LR 
ok the Rhombe OP Q K be South allo, and his 
WieNorth/A B CD of the Cube (being the fame inthe bo-. 
Prior Eaſt, the reſt are All South and North 
.andas the three Rhombes O PNT,TNRX, 
TALO, ve ich ate conterminons with the orizonrall 

i th anc UWeſt planes,doe decline and recline , {o doe all the 

mthevery inſpetion of the body doth ſafficiently 
x1 oh aving found the declination and reclinart- 

'[ kvee planes, theres as much done #3 is necdfallfor 


SRI of the Rhombe 0 PNT, who! c 

fame withthe' South RhombeOPOQK, in the 

= kh of the Cube (which is one of the: cuts of the ſolid 
Ads the Rhombe aforeſaid,if you ſuppolethe line 

i leaponthe fide of the Cube ab, ſtanding 7 South, it ſhall 

| IG 
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repreſent the prime verticall,wherein the South plang 
ew no declination at all : but moving it upon the cents 

to h, the qantiey of the lefler ment 3*196,and 
the Radius, b h ſhall be the naturall tangent of the agp 
which being found inthe table of the naturall tangents, 
ive thearch 20 d.5 4'.18”z. thedeclinationof the Ron 
IrLeda, LE 77 

Now if you draw the perpendicular b Z from-themb 
the of ah a fb Z (halbe the beer | 
innerangle bf Z(making fb the radios) the recliganay 
Rhombedefired, which is thus found by the firſt. Caſt 
Triangles, 111 "avis tf _—_— 


IF 
+1416 ; | 


% 


As the ſine of bZh 90 4 &: / Ml . bi 
is to the line bh + !-}'* 41; 19819  _ 
So is the coſine of the declination hz” 204. 54.189 
To the line'dZ + 2 12568." "7650 


And againe inthe wianglebt Z76y the ſeventh Caſes th, 


es the greater ſexment fb 
Fl to the line tb as radius . . 160615, 
So the line - Ii" "tl 
To the ſame lime ſingers of the angleb T4 304. Ss, ; nal th 
T be reclination deſired. | 1. ,- 
Againe,inthe triangle d m e,by which the RhombeTNIWEGS 
af Jacent to the hoxizontall is cut, if you ſyppoſe the fide wn 
dm tg lie ypon the prime vertjcall d b_, then hath4t nn&aly 
tion, but being moved upon the center d,. till it returngW 
due ſiguation at m, then ſhallq b be the radjus, andb mth 
ff the cube. ſhall be the tangent of the angle d m, the (ea 
Fon of the plane , by the aforeſaid ſeventh (aft of REES 
angles. KF p04 | 5 VP.) . « 7 ; gh og 
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te ſegment tb | . v9: . 0790.99 
» ine db 4i radia ',... I0000,00 
if the cuhe bm \ . 10299: TO00,00 


feb.m 4 tangent of th?;8 #1657" 10209,01 


ys wi rnake the fide of the cbs 1b the tadius, bd 
f Ce tngon Chedthe.. 31d, 


5 leinent of the declination 


peptic bFf.to the line If declination 
} Mb be 1 tangent of the aner angle of 


ihef. ina oth Radws, which is thus found in 
pts 5 right TRE at F, If the firf (aſeofR, P. 


' Logar. 
90 d, + © _ 10000,00 
gowo 0790.99 
584, 16. 57”. 9929.75 
| 5257 F0720, | 
Wine, in the triangleb ef, b; 7 the Noun Caſe of R.P. 


| _ ——— 6 086 Logar, 
eſe ſegment b e 3219 | 0583.95 
rrſame line as radius . 10000.00 
Sp itelive b t Fy 525? 0720.74 
| kay of the angle et 544.0, 10138. 79 
eelination deſered, 
:iatherriangle gne, by which the Rhombe Z XT O 
wp'to the Well plane iscut,if you ſup ppolc the ſide there- 
9 Kupon t theprime vertical cb, and to be movedupon 
oe e politionatn , theh ſhall enbe ariel] 
[1 a des and angles of the two trianglesd b m,and 
gt; wk Oortionall each to other,and conſequently the declina- 
a planes the ſame, which may be found by the ſeventh 
il Te | 


triangles, For 


- *” k 


fr ED the lfſtJegment 31g 
F:316'Eb ut radius oy pagh *, CG 12V 
$6 & b 1+he grtheer ſegment "Cr8o* + +" 


Tobin eonvigewfth#angleb ch” "FF: 76; ny 


The declination of the Rhombe defired:Or if ye 
wb ehers ins,z gaming T gh Ty p 


| D.4 encerg DA | 
matior ub, M5 iy 
hl 0 Deane ng pong Tg * 
e oh bs Hans prope ore bel =| = 
ether of of declination.ti g, or ncdrawapnas + 
Mo oNgl bY which will fall upon the lineb?;; xe 1} 
ro ras ralels; then ſhall b Hbe the naturl 
the inher angle b g H, making b g the Radius, theree 
the ſaid Rhombe:whichis thusfound.In the crlanglebHejj 
angled ww ow the fo caſe F R.P, triangles, © 
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4bHe, 2 pada 90d; &, of”; iy 

Ts tothe line be the leſſer ſegment 3319 tone bi 
So#*bcH the fine of the declinatia.5 8d, 16 57" 97 > 
To the line H | 3349 ws rojliph © 


AnSugene, fy the 7 Caſe of R.P. Triangles. .  * C 


As the live g b : 

Ts to the [ane line as radins 

Seu thelineb H | x 

To the ſame line as tangent of the angle bgH g 
the reclnation LH et In 18 #1; 6 


Theſe things being prepared, fix Dial (beſides theon tin 
ones) proper to the fix planeslying betweene the'hoth ol 1 
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5 omen b le of the 16 Chapter 
Weſt, 20d. 54. 8”, reclining 30d. ©. the particu- 
gh with the ure diflncerſrom the Sable areas 
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Houre niches! | || Houres from} | Hoare arches 
on ies the Subiſtile. | | on theplane. 
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uk OFT and K Þ NC South reclining þ on of. 0; 
A 'v "404 angles weft 54..18 


wy! Fl enchof the plane berwixt the Meridian 
ow | d:Horizon, 794. 11'.16", 
mM 1 WG of the Meridian berwixt the Plane" | 


be Zenith, $10 44-26 
heighth of the ' Stile or Pole abone 


7 mak "6 25 3 
Is Wee of he Sabi frem the Meridian 2 40 


-0 pe derweene the two Meridians. 18 


TNRX,widCNMD , Southreclining . 544. %0 
| 56, 16 57 


Declining Eaft and Weſt 


1 The arch T, the plane betwixt the Meridian. 


and Horizon, 


2 Thearch of the Meridian betwixt the Plane 


and tbe Zenith, 


3\ The heighth.. of the Stile or Pole aboue 


the plane. 


as To bref Sam ovvik. 
| 7 end mhieoing TeLEIE SSE4: 164, 
rein 54 madeby theexampleob t 
109m 7 00 per ER anzrd diſkaric 
Sabſtile, argasfollowerh> : o3'ts 10 1£27.3 907 
"OE fecean ECE FETE 
theſubliile, | on the plane» | | rhe Subſtile, 
| Homres, d IR Hexres, 
JO, 2 r 42... 
| F 4 9.3 
11. $]..9-34 || 6 $ 
PR I2 ol 1:84 |: 12; 83 
£32; 12]-162:3@ fr. x 16 22 
br &S.| 2 +1 d 7+5 |. 21534 
iT £17 [:26- 48} +5 26 38 
FH | 33 33 $:6.6 | -33 119 
2 + T1604. 4158.4: 5 | 41 4 
en $1 $2 37|Þ 5w7 4:53 :U4 
. 30. 9|:65--SE\fF:. 70 65 32 
. | 5 81 49 ; 4 *« b\ 81 -17 
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T3 


374, ug þ 


T1 


69 5%] 


a Wiſh ea 
26: o 7. 


4 The diſtance of the Subſtile from the Meridian _ al 
5. Theangle berweene the two Meridians, 
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x g Weſt rs 45 7'.deth al- 
38d, Fand 6 to be madeby of the 16 
| ars whereof,with the houre from 

erreasfolloweth. RET 


| os {and | 
the Sabſtile. | ches on 
Henres -Y 
8 4&4] © 24 
S oO 56 
7 $190 
; WS 
6 6| 2 53 
I | 3 44 
3 71-4397 
= 6 23 
4 8| 3 44 
I I2 58] 
$.... L887; 
2 T0 | 34 rr | £ bas 54] 
7 oy | 6 cg 
1 0TTZ,andK CD EZ, South reclining 184. Oo, 0'. 
BY Declining Eaſt aud Weſt 68 16 $57. 
1,114 hexrch of the Plane betwixt the Meridian and | 
s. *teHogizon. 63d.26\, 6", 
f 4 ty of the Meridian betwixt the Plane and 
Zenith 31 43 3 | 
TD +» anche the ſtile or pole above theplane 3 57.49 
e of the Subſtile from the Meridian 5- 28 8$v- \ 
7 ſieag betweene the two Meridians, 54 11.33 
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The Nord dedliding Welt 20d. 54. 18", afucuy 
NorthRhombe; dots cor Sl nds'tohe 
by the example ofthe 1 9.Chapter,the particulars when Be 
hourediltances from the Subſtile, are as followerh/: 


 Houres from Houre ar- | , Houres from Hows ay ; 
thes ubſiile. | 'ches on | | the Subſite. on the plane, | 
"1 | ho. corey OR" OY | —— 
Homres, As Howres, | © *'.| 
s.. 4.537 9. 3, T 5 
10 , 2 | 12 23 LS. 4 oo 
5, | 19 13] 8. 4] 14 35 10 
$8. x 1 30232 5 21 22 
3. 13318} | 7 . $| 28-29 1 
x12 , 123 | 40 37 I 35 39 
-5 41348 8] || 6. 6] 43 2 t2 
Ii , 11 | 55 $3 = 5o 38| 
p 635T| | 5. 7| 58 27 ' 
3... $0873 Of | -» 66 28 
x... | $017] | 4, $| 74:40 
| 4 LO'| 88 38 5 82 59 hats 
TIER x _- \ 
I 
Northreclinin is 304, EF © 
. Declining Ea and Weſt 20.4, $4418, New: 
x Thearch of the plane betwixt the Meridianand bk 
the Horizon . | 79d.li'ath Wt 
2 Thearch of the Meridian betwixt the plane and - /"1Mlke 
the. Zenith wo 31 41 3 kk 


3 The heighth of the ſtile or pole above the plane 63 23 312d 
4 The diſtance of che Subſtile from the Meridian 49 36 9*Piw 
5 Theangleberweenethe two Meridians ., + 43 4% 


The North declining Weſt 5 84. 16 1,57 4s adjacent vl K 
horizontal, doth alſo recline 54d, and) is to be made by #'} 


Th 4rofSnamow ns 263: 


ſhe TEE NR oyyel. wit 


inghe Subſtile 


ks Houre arches 
Hoxures. oy ol | 
| 
To 3 | I9 37 | 
*® ;1. 16' 48 
6 6,. 23 ;20 
* :; |. 30! o7 
3- 7#,.37 212; 
: | 44 38 
4. $ $3 427 
z ..:| 60, 36 
3+» 9, 69 13. 
4 «| 78 = 
" Uh to. 87 $5 . 


F-1 
$8416. ST h 


oo 


dT Me ; 


ofthe Meridi oF 
Me Zenith. lan betwixt the Plane, 


debt ref the Stile or Pole above. the- 
55 29. 2x x 


reofthe Subſtite from the Metidian $740 4- 
cene the two Meridians _62 24 28 


" nh declining Wet 58d. 16', 57", adj 
Jacent to the 
ve doth allo recline 18d, ands tobe madebythe 
CX= 


"378-23: (39% | 
'69 5. 47 
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example ofthe t 9 Cha My | 


the particulars | 
houre diſtances-from aferitnins, 


| Houres from 
| the Subſtiles as: 
FO. | 


Hoxwres, 
7 3 
h . 

Wy. 

9 % » 


a 
wo. ST. 


Fil 


North reclinn | 18 4. 
Dening =; and Weff 584,16, Tr. 
tie 


x Thearch of the Plancberwixtthe Meridian tn 
and Horizon, +. . . , +. 634, 64 fp 

3 Thearchof the Meridian betwixt the Plane _ 
and the Zenith. 31... 43.4 #6 

3 The heghth of te Sil or Pole above _— 


33. 
4 Thediſtance ofthe Subſtile from the Merid: b5 50:44 * pi 
b PEE mene eo M Meridians 76: 90% 
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T. Cuar, XXV. 


| 4 s deſcribe the, P aralels of the Signes and dinrnall 
x 4 . arches npo# any of the aforeſaid 


Planes, 


A Any Aſtronomicall concluſions may bee 
3 deſcribed: upon every fort of Plane , a 
 mongſt them, Ihave madechoice of (ix, 


Vi, 


i : L } pl—_—__ T4 
_ /4- 
* . - ry 
| Pu lob/igh 
. = ' 
| 


. 
'1 


bon at all times of the day. 
fly, the Iewiſh or old unequall houres. - 
ily and laſtly, the circles of poſition, chiefly thoſe of 3o d: 
n{60d. which with the Meridianand Horizon diſtinguiſhing, 
| teupper Hemilphere into (ix parts , commonly called by A 
Inſooians the houſes of Heaven, will ſhew at all times of the 
, *W, which of them the Sun poſſeſſeth, Amongſt theſe ſome are 
= ofthe Sphere, others are ſmall ; thegreat circles in 
3,3 Alortsof planes,are repreſented b {traightlines,the ſmaller are 
feribed by Conick ſe&ions : and they are either Parabolas, 
Hhjerbolas, of Ellipſes,only the ſignes and diurnall arches in the 


ar, andthe almicanters or circles of altitude in the horizon 
repertect circles, 
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. 
1.40 
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Polar 
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| Polar, 


Now there are three various deſcriptions of the 
according as the planes(on which they are projeted) 
a«is of the W orla,rightly obliquely;or are paralell there 
begin with the eaſteſt, which is the polar plane,in which 
being cut at right angles , the hourElinesdoe netthy 
angles in the centrezrepreſenting the pou of the Worth 

ralelsdeſcribednpon the pole, muſt therefore of <e 


greeable to the Globe) be perfect circles, leaſt abourh 

' and greateſt necre the periphery of limbe » the ſtile 

' ' may beany ſtreight prime, or wyer,” whoſeler thi 
the houre lines is arbitrary, but the apex or top thay, 
ſhadow upon'the circles of declination; will cnforey 
tion between the length of the ſtile, and greatnelle ofipjh 


— 


Ab 


= F= T8 


FEET E 
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+4 
wy declared in the ninth Chapter aforeſaid: where- 
Wthe Trigone AFR let the middle line thereof 
nt the EpuinoRiall,thereſt the declinations of the 
3,2: 2, and their oppoſites) ſet oft by the helpe 
both wayes from E, the diſtance of 11d.31'.20d. 
$d.1.the arches of declination , and draw ſtraight 
Athorough thoſe points. Let A P £quall to C B, the 
> tile in the Dial! of the 14 Chapter, drawne per- 
A E, be given inſome knowne parts , ſuppoſe 37 
&s of an inch, from P draw PD paralell to A E crof- 
&. in B C D; the ſcmidiameters of thoſe paralels are 
nd PD, which I defire to know; In the triangles 
C, and AP D, the angleat Pis arightangle, the an- 
the complements, and the anglesat B,C,and D, are 
: ns themlelves of S 1 and© &c. wherefore by the 
WO of RP. Triangles. 


WP Logar, 

2 WR it ; . 

"I Up wſADP rhe declination of od, & 11. 31',49300.28 
BY ka. length of the ſtile 1nparts 37—0431.80 


tj AT oe comperonen! PS. 78 "ey 9991.17 


bY 


1107 
Talkie PD the Semidiameter of the . | 
nbef declination, for od.of ©. I 


0259.09 
| Heap | . 
kllemanner you may 6ndP C to beone inch,and P B 85 
Medrarts of an inch , wherefore take of a ſcale of inches, 
of 12nd 131, and at thoſe lengths draw the circles in the 
" (dt the - gt & Am,T609, $.15S, ſohave you 
Tim the Northerne fignes for the upper face of this 
7 an unto which the Southerne paralels in the nether face are 
oy "= ke ny you, 's you thinke fit , put on all the declt- 
{Rp Rwweene and the center, 
X "1: worke by naturall tangents, you need not the 
fl ng triangle, becauſe P D is a tangent line to A P. Let 
Be tothe ſtile be radius,ſuppoſed to be divided into 109 
10000, parts, thenisP B 2298 P C 2715 and P D 4902 


T 2 the 


KS. 
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the naturall tangents of the complements of the deelina®- 
Ir, and.> by the ſecond caſe of R. Þ.triangles.\huii 
viding a line equal] to the Radius AP (as 5» the fiſt 

or opening the Seftor to the wideſtof A P, you'm 

theſe tangents, which are the Sermdiameters. of. the 

ons, and with them draw the circles aforcfaid withoit 
culation atall. I” #S | "I 


<4 4a 4a Em > Oo rs. See $—_ 
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The ſecond ſort: Eaſt and Weſb Equinoliall recliniug 
Equinotliall reclining declining, 
> E229 A Hcncxtiort of planes are ſuchy 
: , #quator atright angles] and 
are paralell tothe axis,ag arett 
Welt dire&t, the EquinoQiall h 
and declining reclining to the p 
theſe the paralels of the ſignagy 
nall arches are thoſe Conicke 
which are called Hyperbolas,andi 
as eaſily inſcribed as the former, yet herein alſo , becaul 
; pex or ®p of the ſtile (or ſome Nodus equiv alentinthep 
ſtile)doth ſhew the paralels drawnupon theſe kindsofD 
muſt of force proportion the ſtile to the plane (asisating 
courſed in the ninth Chapter,) Let A W in the Diagrams 
'faid beequallto AL, and AB, the length of the ſtilsy 
Dials of the ninth and thirteenth Chapters ; whichbeing 
the Radius; ſet the diſtance from the rop of the ſtiles atk 
. to the interſe&ion of the houre lines and Equator ( 
call the ſecant of each houresdiſtance)from 6 or 12-0108 
ſpectively, in the Dials of the aforefaid. Chapters downs 
from A, intheline A E'Y of this Scheme ; ſo ſhall AE 
cant of 45 d, 1414. equall toLg. and 3, and fo ſhall 
the ſecant of 60 d; 2000 equall to L 8, and B4 n the Nias 
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The line HS K ſhould be Joyned to rhe farmer Scheme, 45 aT, 


Place this tolio 269, 
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fon of each houre line upon the Equator) 
croſling the paralelles of Declination ,' are 


| Wes to them , as f 3 to af, and E4to Ae, and 


EY WEE O28 con © 


be Artof SHADovue 
3 of the complements of the decling 
tcond raſe of R.P, triangles: \Whei 
to the Radius AP (as in the fiſt 
or” to the wideſtof A P, you" may: 

h are the Semidiameters of the le 
draw the circles aforefaid withoitt 4 


the. 
mn. A — 
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Cnanr. XXVI, 


t: Eaſt and weſt E quinoiiall rec wd 
inotiall reclining declining, Fr. 
5 Oy -50*18 


wo 


> Henextſort of planes are ſuchw 
0, Aquator atright angles], and 
areparalell tothe axis,as aretheE 
Welt dire&, the Equino&illre 
and declining reclining tothe pe 
theſe the paralels of the ſignesgad 
nall arches are thoſe Conicke W 
DL which are called Hyperbola, ndm 
theformer, yet herein alſo , becauls 
> (or ſome Nodus equiv alent in thef 
paralels drawnupon theſe kindsofDu 
ton the ſtile to the plane (asisatlags 
hapter.) Let A W in the Diagram 
and AB, the length of theſtils, 

id thirteenth Chapters ; whichbel 

iſtance from the top of the tiles atk 
f the houre lines. and Z£quator. { 
houresdiſtance) from 6 or 12-0108 
als of the aforefaid. Chapters dowl 
Wu fey SeinanRy'2 w_ bi ET Fcxch boure line upon the A 
Wall to I. g. athe.Þ-3.00 he Ji Whrs croſſing the paralelles of Declinati 
2 ecuall  L. 8, d B 4 in the ES to them ; as f 3 to af » and £40 4 

\ 5.4 2% hs X : T 3 . 3 | 
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ſhowld be joyned to the former Scheme, as a Tangent line 41 S. 


Place this folio 269, 


n the A&quator ) 
Yeclination » Arc 
E4to ACs and 
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: 
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A cant of 45 d, 1414. equall to Lg. and B 3, and fo all 
4 the ſecant of 60 d; 2500 equall to L 6, and B4in the Dial 


Ly 
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M&te which points F 3,and E 4draw paralels to A Þ W 
f GA EY. and they ſhall repreſent the houre 
md 3,and 8 and 4 in the Dials, croſſing the paralels of 
watHb3, andcd 4 inthe Diagram, at the ſame di- 
+ Fand E,: that the houre lines doe in the Dials from 
wadialllinesthereof ; which diſtances are thus eaſily 
tetriangles A Ec, A Ed,and A E 4,theangleat E1s 
nole, theangle ated 4 are the complements and the an- 
WW &the dedinations themſelves of 5 1 S&, and the fide A E 
Wkcant of 60d. the houre of 4.of clock,which in the Tables 
Fall find tobe 2000 the double of the Radius AW, where- 
wb1þ the ſecond (aſe of R, P, triangles. 
_. | Logar, - 
fine of the angle Ace 784. 29', 0008.82. Ar.compl, 


Inte line A E 2060 0301.03, 
With fue of che 'anglee Ac 11 31 9300.27, 


Wibe line ec the diſtance o | | 
i; ; - 4p from the ie ( ompl. ( haraf.o. 


VFalke manner you ſhall find the paralell of IT to be 735, and 
Fall of © tobe 370 from the Xquatorupon the foure of 
Fxtoure; wherefore if you open the 'Seftor to the wideſt of 
W (or divide aline equall thereto) and take of cither line the 
Paees aforeſaid, and ſet them both wayes upon the houres of 
Pa94intheDials, you have points in thoſe houre lines, by 
tie paralels of the ſignes ſhall paſſe; doe the like with the 
Ftothehoure lincs in all reſpe&s, | 
4 Ktifyou wil work by naturall tangents,yon may with much 
Tmraleand ſpeed perforine the ſame : for making the ſecant 
#ereryhoure om 6 or 1 2 of clockereſpeRively , to be aſe- 
Radius (which'is the diſtance betweene ef, top of the 
a8 nterſeion of each houre line upon the Xquator ) 
SEFInaurs croſſing the paralelles of Declination , are 
| FA lines to them, asf; to af, and E4to Ae, and 
_ 7. T-o2-- Pt. con- 


"7 
: ' 
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conſequently the diſtances are ready given inthe! 
naturall fines and tangents, without any calculationay 
you may colle& into a table in thismanner ; ſo making 
radius , which is the ſecant of 45 d. for three of clock 
is the naturall tangent of 11d. 31' 2>+ , and FB ithe 
tangent of 20d, x 3', 368, and F 3 thenaturall tangent 
31'435; Inlike manner A E being theradius , which 
cant of 60 d. for 4 of clock 2000, Ec, Ed,andE 
tangents againe, onely the radius increaſed, and 
_ thehoures; by helpe of theline divided equall tothen 
by the ſeftor, ſet theſe tangents both wayes from i 
&iallline of the Dials upon each correſpondent he , 
you ſee done in the example of the x 3 rs ang whet 
prickt out (but not drawne to auoid confuſion ſo ſhall 
points, which drawne tegether into one continiedri 
ſhall give the paralels deſired, \8 


j 


—_ —— 


Cp — —_—_—— 


| | Equeno= | | 
Houres. | tall di-. Tangents, 
| ſtances, | 
&] 3. * 
5 IS 
4 39 
29 31 93 45 
$ 4'10 2 60 
7 $jz 7 75 


Be tr of SHADoOvvE'S: 

0 7 $ % 
W4 fort Herizontall South aud North diref, 
"declining , declining reclining, | 


inn F the third fort are the reſt of the planes, 
= 7 which cutting theaxisobliquely,have all 
the hourelines meeting in a center upon 
the axis with unequall angles , as in the 
Horizontall, South and North dire, 
declining, or declining reclining ; in all 
which the paralels of the ſignes , and di- 
FPZZY urnall arches are conick ſeftions, but not 
be ſame. Now becauſe the top' of the perpendicular 
bme nodus — phy in the trianguler ſtile, ſuppoſed 
center of the earth , doth give ſhadow to theſc pa- 
=WMgnthe former ſorts) it will be neceffary to ſhew, how 
Saxton the perpendicular tile to the plane, or to find the | 
"Mite Nodus ina trianguler tile, there being no mention 
keedhull before, in projeRing the houre lines npen an; 
blortsor planes ; Firſt 7 56s ban aſſigne the place of the 
W > diſtant from the center , moſt convenient for 
8, upon the x 2 of clock houre or Meridian of the place. 
» Parrects, butupon the Subſtile or Meridian of the plane in 
"ret, Let that be H in the horizontall for 78 , two inches 
Rom the ceriter C, next ſeeke the Meridionall heighth uf 
= neachtropique upon the planes, which is alwayes 
mn: The heighth'of the pole or ſtile above the plane be-_ 
— Ba 51 d, 32',the heighthof the Zquator is the comple- 
"Sureot 38 d. 28',unto whick'adde and fubſtrat 23 d' 31. 
ks Fr 61d.59'. the heighth in ©, and 14d. 57'. the 
"Ra? This done, ſuppoſe D G in the Dials of the fixt 
bx Chapters to be the perpendicular ſtile, whoſe length 
Hl. Pnrnow 1tis manifeſt by the ſecond Caſe of R.P. triangles, 
TI 2 Cbe radius 1000, C His a tafigent line thereunto, and 
thenaturall tangent of 38 d. 28+. the complement c& 
why 27” | the 
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the elevation, and G His 3745 the naturall tangent of gill 
the complement of the Meridionall heighth of the$y 

which added together , give the whole line CK 

parts of the Radius D G, wherefore divide the Radiys 
(increaſed with cyphers) by the number 4539, andthaa 

will yeeld :20 (as.in the 9 Chapter more at large) of 

any other labour ſeek the Arithmeti: complement oltyel 

- 45'91n the Chiliades,which is 0343.03. & it ſhallpietd 
aforeſaid; This being found,divide a line equall tro CHin 

parts (a3 in the firſt Chapter) or open the SeQor tot 

of CH, and take of either 22 hundred parts, which it 

of the perpendicular {tile D G , and muſt be the Radix 

reſt of the worke : to which wideſt againe a line din; 

the Sector opened, rake of 794, the naturall tangent of 3ldi BW 

| whichſetfrom C to G, (all give the place of theſk honG © 10k 
to the axis E Ddraw a paralellto 6 C 6, which ſhall bens $I 
pendicular ſtile deſired; from G-to K ſer the naturall zoned & Wh 
28d.1',532,the coplement of the Meridional heightholtiew #4 
in'S, and K ſhallbe the point for ®.. From G to F ſertaw | i 
turall tangents of 5 x degrecs,32', 1259 the height|fof "I 898 
above the plane,andby F draw the ſtrajghtline » F=qail | Þþ 
to the houre of 6,for the Equino&iall; From G to H ſerthens } Þ1y) 
turall tangent of 75 degrees , 3'. 3745 the complementdlte | 
heighth of the Sunnein & , and 1t ſhall fall upon thepanl | FI 
formerly aſſigned, Laſtly, C Dis 1277, the ſecant &f 3&6} 3 
grees 28'. which giveth the place of the Nodis in thelaw Þ 7: 
guler ſtile, and D F is x0” theſecant of 5 1 degrees 32, hm. Þ - 
like better'ro workeby aſcaleof inches, or for morecenam || 
ſake will joyne them together , then muſt you reſolve may | 7 
triangles to find theſe things, and firſt for the length of o : 


es the tangents of C G andG H 4 1940656 | 
#s to the line C H #n inches 2009403014 
Coz the Radius DG | +1000 . 
To the line DG in parts of aninch | 440-9644 


Complement (,| haraBl, 0, 
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-[ L1- South, 
we F \ & HoriZontall: od. 4 | 
%y We) 
yo | "ORE hof the ſtile being found in parts of an inch, then 
- [6:0 R. P. Triangles. 
4 Lagar. 
7 P 4D the Radirg +10000,00 
T DG inparrs— - 222 ——"035.$:93 
luGC the; tangent of | 384.28'+9900.09 
m1 PICs parts | 350 —— 95 44.16 
0s: Comple: charatt, 0, : 
' * ena 


+ 


: 


 wAndſoGK the thbgent of". ** 284, *Y', | 
1 To GKm arty | 23 40 — — a —9 
s Tod fo 2G Brke tangent of ' . 5$ © 320098, 
| FoG Fin parts 5h ———— , 
{ eAndſo Hobe tangent of. 75 3 19573 /46. 
: To GH iy parts. co" I&50 | 0247 | Þ 
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| -Apd againe, by the ſame caſe, 


"qDCBefdeef. | | 514; 32.) gh 
od: kad 3 3 989194 ; 
..>LDFG rhe fine of 88. 238 . one 

2. 1216) Ginger: SET —— 

|: JLL> DGC : EONET | "Rf 

Sois< And Ptheſiveof god. &. 10000,00, 

> CDGFI. Es $ 

To D Cinparts SOLD ———m— 90} 

3 And | 

Comple. ( haratl. o, 


Wherefore by a ſcale of inches, ſetof 35 hundred parim F 
CtoG , and23 hundred parts from G to K, and 55 hundred 
partsfrom G to F, and 155 hundred parts from G toH, al } 
56 hnndred parts from C to D, and 71 hundred parts from DW. F 
F, and you ſhall find them juſtly to agree with the nals Þ ju 
tangents and fecants aforeſaid, This being done, returneW#F-F0y 
rigone C F c&,remayning the ſame with the former, croſetſ# ht, 
middle line thereof C E at rightangles in C, and ler GHion tte 

COD bi 
lecat® | + 


ſenting the axis of the ſtile, be equall ro C D, and D 
the Diall;Make D F the radius(which is evermore thel6 
the heighth of thepole above theplane)and to that widetop 
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mel ROLLS mIGG 0 6 | | 
d, 0 » 45 60, 5 qui! 1oQtiall dif tan ced 
al Sm 12, by whic } may priske downe the 
ances from C upon the £quator in the trigon, 
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F ®&rather making H C ofthetrigon the radius, equall to CD 

' } Rubeftheftile in the Diall,which is the ſecant of 38 d.28'. 
_— the complement ofthe heighth of the pole above the 
t) CE ſhallbea tangent line to it : and to that wideth 0- 
ue | Rithe SeRtor or divide a line as aforeſaid) then ſhall C D, C 1. 
WFQ.C;,C4.andC 5. bethenaturall tangents, and HD, h x. 
$4b 2.h4. and 5, ſhall be the ſecants of the complements of 
at H, and are cafily found by the firſt and ſecond 


Kizo k 7 of the ſecond caſe of R.S triangles, of 
14 . I ? 


FB AM 


Por 
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As the whole fittt of Ae och \ ” 904d. 0" bf 
Bro thelibat of ofer4ofthet; o\ 
of any other houves diſtaxce Fon Go ©& * 9ty 
I 2, * i” 
So ts the cotangent of the hezghth of the pole 51 32 Fi 4 
Tothe tangent of the angle betweene the NY 
e/Equator and houre line C 21 40 gs the 


Whereforeif the angle C 4 Hbe 21 degrees, 40', the ug 
C H 4s the complement thereof 68 degrees '20'. but hel 
this were very tedious to be reiterated for every houre, le 
calculated the table following,which ſpareth that labour;ylge 
in the common meeting of the houre and latitude theandag 
D.1.2.3.4.and 5. are ready given, waoſe compleme 
angles at H deſired, which may becolle&ed. into a table, wit 
their naturall Tangents and Secants, for more readineſſefilyy 
in the example adjoyning. 

Now dividealine equall to C H ( as in the firſt Chapte) « 
open the Sector to the widelt thereof, being Radius, andfettie. 
ſeverall tangents of this table from G downwards in the ine 
CEY, and to thoſe pricks draw ſtraight lines from H, 
by D. 1.2.3.4. ſo ſhall they repreſent the Meridian andbain 

lines on each {ide thereof , croſſing the ſignes upon the Trig 


| doe Sn Angles at Angfen | wg | 
\': | Hopres. | the Equa- at H. | Tangents | Steam)" 
dk LET 6r put BY 
[W., 

28 $1 32 | 

52, 30.| 

55. 28. 

'60 40 

68 20 

75 23 
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= EE S as 3 | 


SERRES 


. #77 
Senediftances from H',! that their patalels will. doe from 
rf the Diall ; if you; like to paton theſe houre lines” 


—Y 


Eh of Inches, worke'by the ſecoud Caſe of R.P,T riangles,” 


449 *P. # | | .* Logar, { 
OH the radius #n the tregon: :, _. > Þþ . 20000.06/ 
; 357 . | P , v 
te fine GH equal to - Drhe axis i of! NE 
#5 + file _ NOS *.6cbe, Te 20 27. 


” the tangent of the angle G H 4 ' 68d.20%+10400.91 
j + C 4inkkepartsof CH 14's, +0150,64 


{ | ; 4 is one inchand 42 hundred parts next hand ; 


al of thereft. | | 
Now if theſe lines be preſumed to- be truly drawne withour 
mar;which ifhard to doe) you may from chis Trigon thus 
kwn,prick down the paralelsupon the Dials:but for the arith- 
ec wotke (which I rather wiſh you to truſt to ) it were 
Frient to draw theſe lines by hand, ſomewhat neere the mat- 
onely to helpe the fancy in the reſt of the worke, which is 
w; In the triangles CG H, CBH, CKH, andCLHx&e., 
teangleat C is alwayes given leſſe then god. in the ſignes be- 
ene and the Equator ,' and more then 90 degrees in the 
x.che quantity of each paralels declination ; the angles at H 
zefoundin the table aforeſaid, and theangles at G,B,K.and L, 
rethe complements of them both to a Semicircle, which being 
kund, the proportion is plaine, &y the firſt caſe.of O.P, triangles: 
foras thefignes of C G H,'C B H, CKH, and C LH, areto the 
Ine CH < 62 in parts of an inch : or rather to the Radius , 1009, . 


bxethe finesof the Diali upon the houre lines of 3 and 9; for 


(ore plaingefle thus, Logar. 
Theangle CH G 60d. 40 
Theengle H C G the complement of the declination 66 29 
Added together "x 25 = 9 
Therefore C G H the complement to 180d, #5 32:48 
FE IN : 11 opar. 
Atthe ſine of the angle CGH 514d, 32'. 9901.49 
Ito the lize' CH OY 1900. C©000.00 
Sri the fine of the anole G CH 66 29 9962.34 
| To the line H G | I 10 « —oo06a.2; 


From 
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'Fromaline divided equall to C H; or off the ſer ei 
to that wideſt) take'r length, and 15 | bundred Pare * 
which ſet fromthe center of the Diall,ſhal give the pe 
b upon the houre lines of 3 and 9 of clock - the hori 
the tropique of ©, do the like with the reſt,varying the 
C according to the declination of the paralell,which's 
acute for the ſignes betweene the point H and Aquitop\ 
obtuſe in the reſt 5 you may yer-ſhorten this worke L th 
hp _—_— and either calculate the diſtances of all the p Ut 
ey n each houreline by itſelfe, or of each paired nes J T 
the houres together; as in theſe examples foloyig, | 


: Ke i C 3H,” the table above writ« 2 94.20',. [im 


229118 
The dechnations of the paralels with their) 23. 31. owliny 
CIS. wy I3  9has 
It. 31 999 


: | Ari, 
The arch of the hoare added to the decli-2 5 2.4.5 x', oogh6t 
nation with the Arithmeticall Comple->49. 33 oulh, 


ment of each fine, to anoid ſubtrattion, 40, 51 01846. 
Diſtances from H. or from the center of 

the Diall, G&93 

Lyo, 

: 1150 'S HG T0060, 
1233 x A HB. _ oat} 1 
: 14998 SW HK — . l. 
The declinations ſubdafted out of the)os d. 49, 09941. | fi 
. arch of the houre with their Arithme-> 9 7 0800 þ at 
excall Complement alſo, I7 49 914g et 
904 72 HN #095643 | th 

5 923 ta HM 40714 | 


2403 T>*XHL | x05054 
OS... "s 
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© Biethe Cofine of 11 d.z1'. unto the Arithmeticall Com- 
.o of 40d. 51'. and 174.49, ſo have. you new Loga- 
gwhictrfound in the Ch:/iades , gives 1498 for HK the 
»of & and '?, and 3102 for HI, the diſtance of m, arid 
the like with the Cofineof 204, 30", for 494.33'. and 
a alſo with the Cofine of 23d,31', for52d. 51'. and 
3o'. ſohave you the diſtances of the reſt of thefignes, viz. - 


vr ©, 1352 and H Nfor 9248, HB for It Q 1337, and 
be 7 5922, all which being ſetfrom.the center of the 


Tt %upon the houre lines of 3 and 9 give you pointsfor the 
WP PElceof he ignes in thoſe two houre lines; and the like oi 
K one ire of paralelstoglther , you may make 
" F loclculating paire of paralels together , you may m 

F teof the former table, which bere I renktebe. 


bg— —- 


L —t— —— 
— _— 


—C wu DHA... A 


| 4ngtes at ry Ad $5 | N 
$7 


Heurer, \ the Equa- at T angents | Secants, | 
| for. | 


CE em 


d - $5 
138 28 '5x 32 | T2582 1 607.HD 
37 o 30 $52 30 | 139 1643.H x 
.34 32 -55.28 1453 1764.H2 
29 20 60.40 | 178 2042, H 
21 40 68 20 2517 2708, H 4 
ir 37 78 23| 43%%4 | 4966.Hy 


Cr 


101 | - Thenadde 23d. 31'. the declination of © and c& unto cach 
43 | ewesarch, and ſubduR it from them , unto the Arithmeticall 
\ ihe ents of the new arches mado by addition and ſubtra- 
ly fon, adde the coſine of the declination (fo have you new Lo- 
a Þ Mitlimes, which found in the Chili ades, will give the diſtance 
JI. . thoſe two paralels upon each houre line from the center of - 
T teDiall, But if the Diall have no center upon the plane (as in 
| Kexample of the 11 Chapter)or that thellinesbe tolong from 
t 


( 


RS 
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44 
ar 23 _— Coſine. . | A 
and Y,. eArith, Lines from 
Comple- Logarith, the Center, 
ment, | 


Added th! ls 
” eachhou,\35 $0239.96|#0202.30 1593 
archcom-'45 110149.13/t0111.47 129: 
ſeth 52 51 0098,51|r0060,85/1150 
theſe, |5T 3 0071533þ#0033.67|128% 
61 10058.I01]F0020, 45/1048 , 
. 61. Fo ITY FoQ16.4711939 
F534 


And ſub- M — mr 


| _ 5 49 0994-19|tog56.5 3/9948 
oxt of the 11 10718.75|f0681,094798 


; ſame, tea-|1 , 59/9616,83}F05 79.1 73795 
£95 79-7 


 weth 6+ " 1612174.H.20' rae 
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the center, abate the lines of each houre from the center, ul x. | 
I2, 1939, with thereſt belonging to © , our! of thee 
the ſame houres above written ; which: arethe dil xn he 
the center to the Aquator : and the ſecants themiansyW 
thediſtance of the houres, as for r2, 35% with the) 
- lines belonging to cC.So ſhall yorthave new lines tens 
wayes from.the EquinoRiall, as formerly from thecenty 
if you tako H 3 of the trigone:2940, aut of H L 330%, W 
Tremaine 3 L, x 169, from the Aquator to m , and WW? 
HD, 1997 outof H c& 3554, there will reſt D <8 
ſtance of 7P trom the Xquatoruponthe 1 2 of clocknli 
ſo of the reſt... The-paralells upon the 6 of clock hourt» 
are the verydame with the polar, whoſe diſtancesmnonwan 
terareH & 249, Hi 271, and H & 49:, the natural 
of the complements of the declinations' of © and hs "4 
C Hthe Radius. Of all which I have diſconrled the w Do 
large, becauſe the ſame rules will ſerve in therelt thatfolbd 4s 


- 


FNearefSnavowns 23r 
3 oli! 3 ; 33S ( p J' | 
#% Jo 24:22; = Fra, Nerthdiret, 


yl is fangly 21 $700 


a thd North plance the eighth :of the (tile or ow 

P nes the complementof tie former above the Hori- 

rfore CH 2 Inches the diſtance of & from the center, 

all ofthe ſeventh Chapter , be thought convenient for 
efirſt find out the length of the perpendicular ſtile G D, 

Tk cing Radius, G C ſhall. be 1255 the naturall tan- 
id, ;and & H 1879 the naturall tangent of 61 d. 

be Meric forall heighth of S, (becauſe CH is a tangenc 

otf Radius D G. ) Wherefore + 


; 't &1 | 
| E | Logar, 

le Him 25: rogerher JS 9YBE. +0496.65 
| We rb inches _ £ \.* 23%: +0310.03 
Fl WD tht Ratlins®® >: -3-E5-of + 0000.00 


Dl 1 IiGT inbandred IM an inch © fs 3-38 


2 A Comple. { haratt. | ©, 


J 
wy jor may find the lengrh of GD bythe Arithmeticall come 
3 0 eve or HE 5s befofe: rake 65 hundred parts ofa ſcale of in- 
Li by x the _ to that wideſt , then ſet 1t59'the 
2'. from C G.and by it draw the pe = 


RR the meridionall eighth of 2p, from G to K, 
bethe point, by which the pitalellof c& frall paſſe: 
thrall tangent of 38 d, 28". from G to F, andby F 
«paralell to 6 C 6, which: ſhall be the EquinoRiall : ſet 
Þy th rar rangent of 61 d. 5 9. the Meridionall heighth 
; from Gto H, and H ſhall be the point, by which the pa- 
lllot ® ſhall paſle, - 
e,returne to thetrigone, and ſuppoſi ing the houre 
| >Reha of the Horizontal to be raken of, ler C $ be equall ro CD, 
| as reftile of the South Diall, and C 2 equallro D F che 
"2" V Radius 
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Radius of the Zquator thereof; out of the table follsv 
the angles of the arches , under the latitude of 4 
(which is the heighth of the ſtile above this plane) and 
them, withtheir naturall tangents, and ſecants i intogg d 
more ealc ſake, as inthe example. 


"jk 1 q 
) o - >» 7. 
"7 : 


3 
| les | Angles | 
atrhe &- at S,, | Tangents. 
a. 0 PEA 
g' _*-1 i © 
[512 32 38 28} 794 
56 30 39 26| 82 
[47 28 42 32) 977 
41 39 48 '21) 114 
32 11 57 49| 1589 
| RS 4 5s 3972 


't 


S— 


— 


_ Then making C$ Radius, C Eſhall bea tang clay bt 
wherefore ſet x tangents of this table from C. a C don [1 
upon the line C EY , and you ſhall have pricks thering ung 
ſtraightlines drawne na $ (asis the rice line S 2, forl% Þ ſlope 
and x of clocke, andS Ofor 8 and 4 of clocke ) wig 
boures of the South Diali , croſſing the paralels upon 
at theſame diſtances from S , that they will Ws 
ter of the Diall , the length of which Ines areto 


VR £43 
, 1 


reſpe&s as the former: =. and therefore necdleſſeto 
the worke againe. 


Soxth aud North rechuers, 


In-Sonth and North recliners, the rules of the ol #> 
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Fe) without alteration atall : for ſeeing that'all their 
rexceptthe Polar and EquinoRiall, are thehorizonrall 

gfe places, where the pole is elevated, the heighth of 

above the planes , therules for the horizontall in otic 
willagree with the rules for the ſame plane in another 

Sand therefore there needs no other precept for them ; 

in the former kinds , ſo alſoin theſe dire planes, the 
atallline is alwayes a perpendicular-to the Meridian , cr 

[tothe EquinoQiall, and fix of clock houre, and muſt be 
xethorongh the foor of the perpendicular ſtile, whereſoe- 
ibeplaced;neither is ituſefull to draw theſe paralells or any 

” T&lneorcircles paſt the horizontal} line : ſeeing the Sunne 
"1 dc ently his ſhadow , doth alwayes riſe andſet there- 


| it * South and North declining, Eaft and Wiſt reclining. 
1.5 4 WE 4 South and Nerth declining 
199 BE reclining, 


LT 


| reſt of theplanes, are cither South and North declining, 
Mad Weſtreclining , or South and North declining recli- 
| pzinal which the manner of inſ{cribing the paralels of the 


2s. 


wes one and the ſame z whether you worke with the houres 
X totheplatie, or by this briefer way, which I preferre be- 


Zhreryone of theſe latter planes is an. horizontall plane, to 
oF ameplace or;other agreeing in longitude with the angle be- 
an 3 wenethetwo Meridians ; and in latirude with the heighth of 
ar 5 Eilieabove the plane. - | | 
1} ; Miereforeſappoſe the ſubſtile T P T L of the declining Di- 
| datherx Chapter, and C G of thedeclining reclining Diall 

ti "ater 7 Chapter, to be (as indeed theyare) tne Meridians of 
{+ ' heborizontals, in longitude-and latitude proper tothem ; uport 
3, | actfirſt of all pricke downe the place of the perpendicular 
* | the rwo Tropiques,and EquinoQiiall, which by the RO 
ih 3 | V 2 © 
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yy, | 315, 10.28 fi 
of the Sanne'intboſe points upon the ſubſtile is cafilyattand; | 
in ths Diall of the ſeventh Chapter, the heighthvf-rheltde,@ 3» 
pole above the plane, being t 9 degrees 25'. the. heighthol tie } -* 
EquinoQiall -is.70:d. 3 5*. the complement: thereof zto which 
adde andſubtradt 23 d. 31'. the declination of the erapiqus, 
have you 944. 6'. whoſe complement 85.d..54-. is the height 
of the Sunnein ©, and 47 d:4.the heighth:in., Now 


cauſethe Equinodtiall is alwayes a Ritaight line, etrring eſt "the 


bug. 2 | 
© Th 4tof SHaDoyves' 285 
mike; firkteffigne She place thereof where you 
| wo that it may crofle moſt of the houre lines, and ſtand- 
en ig eptane; 331k doth.at G- in the Diallaforeſaid ; 
lenghth'bf C Ginſmeknowne parts,ſippoſe 212 that 
thesand-17 hundred -parts;by this line proportion the 
hy thefiſtand ſecand: of RiP. Triangles: 
_—— 1 5.5; 
Logar. | 
90d, 'o'\. +10000.00- 
27 + 0336.46: 
70 35 + 9974-57 
19 25 4+ 9521.71 


TI" 'Jj* COT 205 +X03J11,03 
irebe rad of the Equator GE 72 w—=I9858.,17 


"4 


x. Complement Charafteriſlice . ©. 


ine, by the fame Caſes . 


Y 


Logar. 
904, o', +10000.00 
, 20s + 0311.03 
| he fre of K.C 19. 25 +:9521.71 
ts the levgth of the perpendicular T1 gc 
Blk F u parts of an inch. C .68 


— 9832.74 
Ty ! 4! af 


rej 51, Chara, Complement O, 


\Fyoulikets uſe the Sefor or a line divided into 10 or 100 
Meagg the ſcaleof inches, you may find theſame K F 
acllity, by adding the naturall tangents of CKand . 


7 together, or by taking the Arithmericall comple- 
the Logarithme of thoſe {two tangents , 3152 &c. as 
| | Y*-3 IS 


2 x £5” S =” & ai ot,” 


Rs 
ae ve beighth of the, FANQvc the plane,and complement 


V7; 
' Fo 4 
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i; direted in the horizontall, which giveth 316 pattt{ 
or, equall to 63 parts of an inch, devetels, "2 
Having found the lengthotf the ſtile KF, you tm 
place thereof of the I and EquinoQtall uponthwl 
ſtile,in inches and parts, by reſolving the rriapelesBC F 
and F TK of the Diall &c,but Idoerather commend 
the naturall tangents,as both the ſpeedier, and the eafie 
for making K F the radius, C K T (hall bea tangent line 
wherfore dividea line equal therto{ asin the firſt Chilelh 
the Seorta the wideſt thereof, and from either take. 
naturall tangent of 79 d. 3 57,and ſet it fram C to K fortheites 
of the ſtile,or 352 the naturall tangent of 1 9d. Hp {14 | 
the point formerly aſſigned for the — eporit 5” they BY. 

. tangent of 4, d. 6', the complement of the hejghth ofthe win Bt 
5, from K towards the center, for the þ of 5 : nl #- 
the naturall tangent of 42 d. 5 6/,the complement ofthe BI. 
of the Sunne ine. from K to T, for the place of the Tropa Wi 
Ze , and thus you' may procced with all planes that ative Þ 
axis, both with the intermediate fignes, and paralels of ded» F 
tion upon the ſubſtile, This done, let H O in the one evan, 

 andG Fin the other, be radius : (which in all Dialgis helen $45 
of the heighth of thepole, or ſtile above the plane) untowln 
the Setor being opened ( or from two lines divided gqully Þ 
them, into ten parts) you may by helpe of the nitucalluan FR 


" 


4 


of 15d; 304. 45 d. 60d. and 75 d. prickedowne' pantie" wit 
quinottiall, on each fide of the ſubſtile; obſcure houre L 
ypu were todraw an ordinary horizontal Diall upon taarpae F 
becauſe rhe Equinodtiall line Y G = Ba tangent line to thek» apy 
dius F G ; the firſt paire of them ſhall be inſtead of 1 and 11 F'Y 
ſecond of 4 and ro, the third of 3 andy., thefourth of 440% FE 
the fift of 5 and 7, asare the prickt lines marked with 3.3910 F293 
17.12. 1.2,3.and 4. inthe 11 and 17 Chapters aforelaid, G be 


| 


ſix of clock houre ( if there be cauſe to uſe it) is alwayapmty 
- tq the EquinoQtia]', neicher are, theſc lines to be blo redone h - 
gaine fas in ſome caſes the like be )but rather to be diſtinguma Pe" 
by 1mall pricks (as in both the examples of the former" oo 
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ſeeing beſides this uſe of inſcribing the paralels» 

re to ſhew the true houres of that try where 
horizontall, 

ww the trigon O <2 © , 8 beforedireRted in the 

and crofſe it at right angles with OB,let O B be equall 

#CF,and O Ato GF, in thedecliningreclining Diall 

A ohichiothe heghdhof chepole above 

' 25" (w 1S po! VE 

7, houre arches (correted by proportion) and 

mwitt ab he matralangen and camtintoatable, 


FEE 
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Then making OR the axis of the ſtile the Radius,019W 
bea tangentline.ro it : wherefore ſet off rhe tangent of at 
houres arch , viz: 352, 365, 497, &e. ffont'O Jownwal 
on theline OY, and$by the prieks 1.2. 3:4,and 5, draw ith 
lines from B, which ſhall repreſent the prickt houtelinsd 
Diall croſſing the papilch of the ſignes upon the 'Trigdn, at 
like diſtances from B,that the ſame paralels doo ad ne 

' from the center of the Diall; having thezngles at th Fm 


Rizl, and their complements at B read giyen jn this Tale, a 
yon may by the very ſame rules of the Horizontal, findle& {'® 


ſtances of BD, B E,BF, BH, BK, and B ce, upon that 
line of 4 and 8,andin like manner fpon all thereſt\, for wile 
angles OBD, OEB,OFB, &c. are to the fide OB in 
a {cale of inches (or as radius ſuppoſed to be divided into iN: | 
arts) ſo are theangles D OB, EOQB, FOB,&c. unto thens } 
> D 236, BE 922.and BF 1070 and oof the reſt ; which tale 
of the Sector, or alinedivided equall to O B , and ſet fromts 
center C of the Diall upon.the pricktliges of $ and-4, give 
diſtances ofveach paralell upon thoſe houre lines ; and fo ml 
you.worke with the reſt of thg houre lines alſo. , 


Dr. þþ. 
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* Dechved wighayg center. Wet 9 


Jecliner of the eleventh Chapter witarn- 
___ the el y ſame with this former ;but becauſe _ 
wh ſtile,which i$ theft found tobe 25 inches 7a bun. © | 
s, is too long'to put upon 'this Trigon\ take the tenth © © 
reof, which.is two inches 98 hundred parts,and fet that © ** 
from O toR, and making O R theRadius; divide a line © | 
retointofen/parts : or bpen the Seftor eo that wideſt, * | 
of the naturall tangents of each hotres archin the- table 
, from O downwards upon theline Q V8 thoxa p 
Weoric ( Ira «re rr. tepreſentingthe pric 
we: Diall, orafſing the paraleltoFthelignery Joth 8 
KEE _—_— 
fy no $f 8 __ of cockinthe trigon. This done; * 
'A oe eres ke as fq y, which be- © * 
r 


{ will-onely adile; this exam- 
nogtherwoT les together,aoh thelarteriny 4 
if dehorizontalli”- : 


not; that having; Folk ee diſtinces fi the c center, " 
juſt aeke them alſ@by the forfer rules of th rizontall.. 
| we inoRiall, asare H 12, SO dns 5 aj 4, ber... 
. | hath no cenifer to ler them trom., ; 
F m tnight by the'ſame* files Dur((! wit mich more la- 
$1 eparalcls upon” the houre lines.themſelves, of 
: : forts of Dials : bur Kpreferre this way. Firſt, be wY 
tio Dials contrivedlifitÞ one}, "riot wnpltaſanc to FOR TTY 
W x xndlp;the whole works isthe ſame, in theſe fer - 
Swihoudyariety or change z and: |dſtly ; becauſe che one... : 
_ king is ſaved; there beirig but | Ihe hdures att he \. 


dRockenpon after Wis inanner, whitch Ire 10; IT. & $a 
(pi gence, | 
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gp: Angles at ' Angles "% 


Hoxres.'the Equa- 'T anigents | Secants, 
, for, 


T Bet $5... 54] - 
| £* 


075 Walk 


"[he Center [rye Ex - 


ddet{td'1 09 336045. 78 9988.1 12 
each bow. 209. 25/035.43 9987.76. 
archcom- 108 $6024.15 9986.49 : k 
Poſeth' [107 55j0021.589983.92 | 954 
theſe, [105 37/6916. $339978.67 
103 -15/0011,7T 9974.05, 

' .  Ocopl.char 
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, - | * |. | 
And ſub-62, 2311005 2,00 Yoo14; 24 1934 
dnt? [62 23 ppp root ers 


| onto the gx .$410054.46,Y001 6.80{10z9 

ſame lea- 0, 5.31905 8,66|4:0021,00,1050 
veth” | ics 2510068. 84/70031.18/1075 
theſe; 156__ 1310080,31 20042. 65 [£194 _ 
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| | To deſcribe the dinrnall arches wen 
| . any P lane. : 


apa He paralels of the fignes, and the diurnall 
| I _ wo angand ales circle 
=\ Fohere , differing onely in the quanti 
| weir declination —_ the Ea nod; 
= ins andce, they are coincident in & &, 
\ 4 and abey differ but very few minutes; 
hays vt, br would. inſcribe them on 
any of the dials before mentioned , lerthe 


14 


6g 


| = Lowe ſame as afore. So if you 
4 {ton the diurnall arch of g houres or 1 5 :take of the chord 
+ Exc of declination 16d. 557.and for 1x and 13 houres, the 
Wazionof 5 d; 5 5*, anfwerable to the ſemidiurnall arches : 
Ektthemborh wayes from L to b and d in the pricke cirele 
otthe former Diagram, and draw ſtraightlines from O to 
—EX6 andfo of thereſt , which you may find ready calculated | 
ml bud able ; the Trigon being filled jwith diurnall arches, in 
= the ſignes, and the houre lines croſling them,as former- 
Fiaydid the fignes, afford you Triangles , which being reſol-_ 
-FSVWording to the former rules , give the diſtances of the di- 
4 {arches, either from the center , or from the EquinoGtiall, 
4 F*Nconvenient for your worke. 
& -Toalculate this Table or the like, firſt convert the ſemidiur- 
= into degrees and minutes , allowing 1 5 d. for one 
| rand 15”, for one minute of time , ſo ſhall 569, 47, an- 
| to3 houres, 47”. and 60d, to 4 houres, and ſoof therelt ; 
by the firſt of the fift caſeof R, FS, triangles. 
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” T +ble of F emidiurnall arc, 
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As the Shale To 
Is. gathe gotangent of the ihiende': | 
Se a#be Cofine of any famidgeral 


pe a ih in 30" 39>; 0 


To the, tangent of the declination: mL 


"For the place ofthe Srne al aafwerable cherero rt jp |; | ag *y 
ts erghth Cale of RS, Fruges dQ © ww, An 
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ET hearo/Snapo was 293 
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yeareſf deeinatio 23" # Gr Y : "969; 
'9 © ' 10008,00 
-f ” Cooinils Jeclination 16 55 946 3.83 


of the Sunne fr OmNAr2 i... 
Wat tn fenge 48.» . 986. $7 


WI C} ILT/ 


: xe 16d, 5 59504 z declination jnanſwereblet tort 6 64. 49% 


nor to 13d. 11', of Nanda; avkuckare in paralel- 
ith them, 


bets f% 
419 
: . 


c HM Pe XX N,, ' 
; bebe the Tenth Ger comneny cated © 
b: + the IPnI houres upon 
-” YN ble Plave,” ?3 cn þ 
acHe NES Aivided their artificial han a8 
night, wherher longer or ſhorter ,alwayes 
» N to r2houres , andbbgavtheir account 
'at San-riſefor the diy; antÞat Sun-ſet for 
F- the night:, as wee dheatnbone and mid- 
night "fo that Swri-riſe was their firſt 
*hotre, twelve of clocke thei ſixt houre; 
D Age and Sun-ſtt their 12 houre; according to 
dials were made, and houre lines pro) jeted ; upon 
Ke ple : but in this they differ 'from the Planirary 
| b that the onereſpeReth the diviſions of the Equinottiall, 
Wy doth of the Ecliptique. -Theſe houre lines are cy; 
| Y eapon any kind of plane in the latitade of 5 1 d. 32 
{ Fogg a The ofdinary houres adhd quarters being firſt 
i [mk <>opg with the paralels of theſignes, or diurnall ar 
Goice of any two ſignes or dit nall atches , cquidi- 


"7 | ſtant 
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ſtant from the EquinoRiall,or not, as is fitteſt for thepluy, 
Sand cQ, by the ſecond of the fourth caſe of R;S, wi 


nd the ſemidiurnall arches in degrees and minutes, Fop* 


F 


eAM: the cotangent of the latitude \ 514. 39% 4 
Is te the tangent of the greateſt declination 23 31 961 
So u the Radins 7 90 © 10 


To the cofine of the ſemidiurnall arch of 7p p = 
. and ſeminoiturnallof > 5 WE. 
. Therefore the ſemidiurnall arch for «©, is 56d, 47, wid ** 
complement thereof to 180 d. viz. 123 d. 13'. is the (wid 
nall arch for & ; double theſe arches, and divide each dt 
x 2,ſo ſhall you have 20 d- 327, for one twelfth partins 4 
' $d, 28', for one twelfth part in c&, and fo by additionyn 
to ſix twelve parts,convert theſe degrees and minutezitht 
allowing t 5 d. to one houre, and foure minutes to one 
and marke their diſtances upon both Tropiques,cach wal 
thehoure of 12 (in which both kind of houres concunt 
the ſame line) ſo ſhall you have 3 pricks, viz, rwoinl 
piques, and onein the EquinoRtiall (every nnequill hat 
ſing one of the ordinary houres in the A£quator) by 
draw each houreline ,, as in this Table appeareth, 
fifrand ſeventh unequall houres are diſtant from 13, WW 
ralell of & x houre, 22', but-in «© © houre 38, and gu | 
thorough 1 1, and'1 of clock in the Equinodtiall ; the huſwny wan 
eight houres are diſtant from 12. two ;houres 44« WSymaney 
boure 16'. in and paſſe thorough 10 and 2 of comrnmnneee 
EquinoGtiall, and ſoof thereſt, | - | = 
| Bat ifinſteadof the Ggnes, rhe diurnall arches benianmnn uae 
your Diall , you may much more ealily and precilely au 1 © 1 | 
them, eſpecially if your plane will receivethe ninth ad 1JRYWP 
_ ralels; becauſe the (fea of every twelfth part of Lys | | oY 
the Meridian, will jaſtly fall upon the houres, halfes, od of fan 
tersformerly drawne ; firſt therefore reduce, theſe parldiP F 
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DT — 


wo {The poralels of &| The Equi-|The paralel of 
. 6 | 


go] + notial, |& 


-6 


_ 


.——_—_——_ 


wand minutes, allowing as afore, ſo ſhall the paralell of 9 
ncnnine 135 d.and of 15 houres 229. divide each num- 
2,the quotient will be 1 8d, 45'. for one 1 2partinthe 
15 houres, and 119. 15'. for one 12 part inthepa- 

fo houres, and 379. 30'.for two 12 parts in theparalell 
keares, and 22 d. 30”. for the like two 1 2 parts in the pa» 
d '9houres, and ſo of thereſt ; convert theſe degrees and 
ls into time (allowing as aforeſaid) and each 12 partof 
ralels will fall out upon the houres, halfes, and quarters, 
xefore their diſtancesfrom 1 2 the moreeaſily and exaQ- 

ked ypon each paralell, which done, you have 3 pricks (as 

WE) 25x. two intheparalelsof 9 and 15. and one inthe Equi- 
Wal, by which to | a every unequall houre , as in this Ta- 
wapareth, wherein the fift and ſeventh unequall hoares are, 

wat Wairom 12 in the 1 5 paralel x houre 1 5'.inthe 9:0. ho.45*. 
paul paſſe thorough 1 x and 1 of clocke in the EquinoAll; 
wy @arthand eighth houres are diſtant from rx 2 1n the 1 5 pa- 
MAitwoheures 30, inthe ninth t houre'30'. and paſſe tho- 
E910, and two of clecke in the EquinoRiall, and fo of the 
mW ndnotethat theſe Tables thus prepared , ſerve generally 
FUplanes inthis latitude, 
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>» 07 Hereareallg three various inf N 
5——\/ zimuthesand. Almicanters, astherew 
es and diurnalLarches ; . accardug#0 
Planes whereon.hey-are deſc fs xa! 
&, axis of the Horizon, rightly, oblique 
«a 2 rale! theretg;thepo clan into 
World. thehoure circles and Gor paralclsof deglin 0am, 
reſ ety, a3 the Horizontallis to the Zenith, the 7 iceland 
and the. patalels of the Horizon; whereforeas i inthe fit 
plapecy cutie the axis of the World, at right ages of Fr 
nk doe meetat equall angles in the center 
d theparalels of declination doe. crolle 
epolean circles ;. ſo-in the larter ſort theplanedoth al 
_ the Horizon atright angles, and the:Azimu \{* 
place of the perpendicular {tile , repreſenting he Kates "y 
of the Horizon at equall angles; and the Almucanters ery ny 
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& croſſing the ſame;whatloever therefore is ſaid of the onE, 

| erſiood of the other, neither needs there any further 

wons for the ſame; to for more plaines, I will adde this ex- 

eF E in the Scheme adioynimgrepreſent the Meridian 

wſſing by G the foot of the ſtile in the Horizonrall Diall; 
>Diall, and F in this Diagram ſhall be the Zenith, or cen- 
he aimuths ; npon which deſcribe the obſcare arch 
Wall to AB 60d. of the chorde, and by helpe of the ſame 
edowne thereupon thearches of rod. 20 d.zod. 

50d, &e or what orher you thinke fit : ſtraight lines 
efrom'G in the Diall, as here they are from P, thorough 
Noricks aforeſaid, are the true azimuthes deſired ; Let F Bbe 
Enneperpendicular to F E, and therein make FH equall to 
(Dtheperpendicular Ctileof the Diall, and draw H 7, paralell 
BbFE, thelifics H 6.H 5.H 4.H 3.H 2.and H 1.be the ſemidia- 
'Tetersof the Circles, deſcribing the almicanters uponthe circle 
"I 6dtheborizontall;: whoſe lengths are thus eaſily found, if you 


*Bitif you will worke by naturall tangent3,which is farre the 
fer way, then making F H the Radius , H 31 15a tangentline 
Si;,andthelinesb 6, h 5.h 4.h 3.b 2. and h 1.are thenaturall 

wwents of the complements of 60d. 50d.40 d.30, 20d. and 
bd. wherefore divide a line equall thereto into 10 parts, or 0- 
theſeRor to thelength of F H,, and take thereof 577, the 
krall tangent of 30d. for the Semidiameter of H 6, thealmt- 
Wter of 60d ; $3 the naturall tangent of 40 d. for the ſemi- 
Wneter of 5, the almicanter of j5 0d. and 1 '92 the naturall 
Woent of 504. for the ſemidiameter of H 4, the almicanter of 
9. andfo of thereſt ; All which circles,being deſcribed upon 
Weenter G of the horizontall Diall , as they are marked with 
04 $950.40 &c, thereon x you bave tne circles of altitude, or para- 
ci} BY ofthe Horizon defired; whichneed not be drawne paſt the 
apk} Piques of Sand 72 inthe Diall, becauſe the apex of the ſte 
pelevy ®Wu giveth the ſhadow, cannot exceed thoſe kmuts, 
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Ag LL upright planes are paralell to the axis is (s 
x2 Horizon,as all the EquinoQtiall Planesae tot 
GA axisof the World ; and therefore the Ay 
$2 in thoſe, as the houre lines in theſe, tem 
\ one to another ; ſuch are the South ar 
dire&, the Eaft and Weſt direR, and 


hi North Jedlining planes ; : WhereforeletF E of the agus F 


= HS 


1 
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ming repreſent the horizontall line of the South Diall , 
** Toaeer (eventh,drawne thorough the foot of the ſtile G, para- 
Jitothe 6 of clock houre ;'andlet FB croſſeitat rightangles, ' 
- Jad F ; deſcribe an obſcure archof a quadrant E B, 
& ado AB of the chord ; and therein inſcribe by helpe of the 
- Sd.che Almicanters of 104,204,304. &c as formerly you 
Sikake F S,cquall to.G D,the perpendicular ſtile of the Diall; 
aw STparalel to F E:Theſe things prepared,you may firſt 
Brthe Azimuthes on the Diall, and then transferre them to 
T&Dizeram, for finding the Almicanters in this manner ; Ler 
a 6D pendicular ſtile in the South Diall , equall to G X, 
Y: tinolcd'o be perpendicular to the horizontall line thereof} 
dmking G X the Radius,the horizontal line 7 G 5 ſhall be a 
tline thereto , and the naturall tangentsof 10d. 204, 
40d, &c. prickt downe from G upon the horizonrall line 

| Tb wayes, 242. 364 for 20, and 3:9 for 40d., &c. asin the Ta- 
 $ kadjoyning 3 and by thoſe pricks parallels drawne to the x 2 


are in the Diall (as are 20,40.60 and 7a) ſhall give 


Azimiuths !deſired; you may likewiſe, knowing the 

G X,or G Din parts of an inch, and theanglesof the 
kimuths at X with their complements upon the horizantall 
Wedt the Diall, find the ame diſtances in the like parts, for as 


ren 


_— _— 


Fa | | 
| Aximuths, | Tangents. | Secants, | 
; AY PE; | 
" Oo IO 
10 176 1015 | 
| 20 { \ 364 1954 
RE ed OE is fo 
q-— | 329 4 ©. On 
| FO | I $92 I 556 
60 - I 732 20009 | 
[ 70 2747 2914 
F) 80 | 5970 p22 


200 The Art of SHADOvvEs, 


the angle G L X of the 60 Azimuthzis to the line GX injank, 
1; the angle G XL,the complement of the former,to the lne6t, aye 
in like parts, &ythe2, Caſe of R, P,T r3angles,and lo of thenk, Mito 
but to worke by natural] tangents,is the ſpeedier way; The Bu 
muth being thusdrawne,you may transferre them intothil Wink 
grain,cither by taking the diſtance of eachAzimuthuponthelyÞs 
rizontalllinefrom X as X Lfor 60d.for 40 d.X N &ec, &{rnl 
from F downwards upon theline FE to F 20, FH, F40,Fg 
60,and F E &c, orel{e making F S equall to G X theRadayolhil 
pen theſeRor to that wideſt, and ſet x 155 the ſecantrofodimen: 
from F to H, and 173* the ſecant of 60 d. equall toXL "op 
to-60 d, and' 2924 theſſecant of 70 d. from F to E, and fothe Bhi 
reſt, as in the table a&joyning,to which points raiſe perplity- 
lars, asareh a, nb,'and Ed, and they ſhall repreſent teas JW 
muthes in the Dall,croſſingthe Almicanters of rod. 200 = 
40 d.5 e d.&c.at the ſame diſtances fromtheline FE in ts( 
gram, that they will doe from the horizontall line of h 
upon the azimuth anfwerable to them; and may eaſilybemn bs 
| bed by naturall tangents, ſeeing the azimuths in the Dill Fad 
tangent lines tothe ſeverall ſecants X L and X N,&c.as ties hk | 
de, v 60,2 h &c. in the Diagram repreſenting the azimuthal 
unto each Radins Fh , F 60, F E, &c. repreſenting thelalp ee, 
thus you may find that F 60 equall to X L, being RadiusW0nWi 
will be 17+ the naturall tangent of 10 d, and 60. and willy; 
the naturall tangent of 20d. and 60 q, 577 the naturall ta Whon 
3odegrees and 60 r, 39 the natutall tangent of 400, and Way 
the reſt; all which being taken of theSeRor,and ſet downwnpSun: 
from L, the interſeRion of the 60 azimuth with the horud#pu tc 
line of the Diall, ſhall give pricksupon that azimuth at 1.24408 At 
5 by which the ſeveral] almicanters muſt paſſe: doe the line mp 
as many of the reſt of the azimuths, as will ſerve your turh(Mg 
upon all you need not)as upon the,20 and 4o azimuth, anda us | 
ed for the 70 azimnth, fo ſhall you have ſeverall pointsin{® et] 
rall azimuths, thorough which one continued circular linevy Fan, 
drawne , you have the almicanters deſired ; If inſtead of WRwML 
tangents, you will ufc aſcalcof inches , fiſt Gnd the lengin*F 


A 


vii 


The Art of SHADOVVES. 301 


parts of an inch : then isthe proportion plane, for by the 

FICaſe of right angled plane triangles , as F 6o the radins, 5s 

Mito in knowne parts, ſo i5 60,0, and bo p. and 60 q. &c, the 

bs Bana tanpents of 1 © 4.20 4, 304. to the lines 60, 0, 60 p. and 
the gh ke parts as afore. 


Eaſt and Weſt direft.; 


Wke manner, if inſtead of F'S in the Diagram, equall ro the 
wadicular ſtile of the South Diall, you take the length of A 3, 
equallto A L the length of the ſtile of the Eaſt and Weſt 
jmtheninth Chapter , and worke in all reſpeAs therewith 

wing the Horizontall line BA C thorough the foot of 
A, and ſuppoſing A P equallto AL, to be perpendi- 
Ethereto)che ſame naturall tangents of 104,204.30 d 40d. 
then ofa line divided equall to A P, or the Sector ron 
ewideſt thereof )'and ſer both wayes from A apon the ho- 
ll line B A C, ſhall give you points therein,to which'per- 
wlars cre&ed,you have the azimuths defired;as are 20.40, 
6, &, in the Diall of the ninth Chapter aforefaid. The azi- 
ri abeing drawne, let the ſecant of each azimuth 20, 40, 60. 
Sat; (which is the diſtance from P the top of the ſtile, unto 
LF EnterſeRions with the horizontall line j be a ſeverall Radius, 
efEVdenarurall tangents of 109.20 d. zo d.qo d.8&c.fet from the 
oF Wontall lige downwards upon cach correſpondent azimuth, 

{WF Wee points,by which circular lines being drawne,you have 

may imicanters deſired: ſo making AP the ſtile in the Eaſt Diall, 

2080 Wall to A L the Radins, the naturall tangent of 60d. 1732 ſet 

az44 MAto 6o gives the diſtance of the azimuth of 60 tn the ho- 

e may Wntall line , and making P 60, the ſecant of 60d, 2000 the 

n, (0s, the naturall tangent of 1 od. 176, and the naturall tan- 

{qa} tot 20d. 344 and the naturall tangent of 30d. 97 with the 

nv} Wietfrom 60 downwards upon that azimuth, ſhal give points 
eff} Wein, by which the almicanters muſt be drawne , as are mar- 
e q M1.2,3.4, and'5. : 
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South and North declining, 


Laſtly, in the declining Diall of the 1 1 Chapter, let Pg 
length of the ſtile be perpendicular to the horizonrall line ypz, 
which being Radius, the Azimuthes ſhall be tangentsthany #; 
the firſt whereof(reckoning from the Eaſt as (!avimdothin 
alwayes be perpendicular to the interſe&ion of the How 
Mquator, and fix of clock houre, as is 6 Z in the Diallafont 
diftantfromi the foot of the ſtile P , the complementef thi 
clination, and in this example is 115 the naturall tangents 
23”, whichbeing added to 10 d. 20d, &c. for theazinnly 
the Northward of 6, or ſubdued from 104. 200. zo 
50 d,&c, for the azimuthesto the Southward, ſhall giveythe 
whoſe natprall tangents ſet both wayes from Þ, afnlym 
pricks in the horizontall line for the azimuthes deſired; Twl 
take 294 the naturall tangent of 16 d.-23', and (et it fomPh 
I ©, for the tenth azimuth : and 496 the naturall tangentdfuhd, 
23', andſet itfrom P to 20: for the 20 azimuth to the Nan 
wards; and 437 the naturall tangent of 23 d, 37'. for 30d. 
2016 the naturall tangent of 63d. 37'.tor 70 d,and Py 
P to the SouthWards, . to all which draw perpendiculan.(un f-- 
the example appeareth) ſo have you the azimuthes deſiredNow 
making the ſccants of each of theſe azimuthes a ſeverall Radw 
viz. ©, 30d. 1097 the ſecanrot 23. 37 for the azimuthd$Þ 
d. and o. 70d; 2250 the ſecant of 63 d. 37”, for the azimuli 
70d. and opening the SeQor to theſe wideſts, take of thenth 
rall tangent&of 104. 20d, 30 d. 40 d. &c, as inthe forma® 
ble, and'fet them downwards from the horizontall line wu 
each azimuth, ſo have you pricks, by which the Almicantes 
continied into one circuler line of the ſame denominat 
certainly paſle, as you ſee the circuler lines of 10 d.200.39 (4 

d. and 50d, doe in the example of the Chapter aforeſaid, 
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na22>>, Ow in al the reſt,that is in South & North 
NC, reclining ; Eaſt and Weſt reclining ; and 
1224 Southand North declining reclining; the 
planes cut the axis of the Horizon obli- 
NS VG, quely, and therefore the Azimuths (as in 
} Þ %s like caſes the honre lines did ) doe 

| NS meet inacenter withunequallangles. In 
@ #2 theſe planes there are twozeniths,the one 
merto theplane , alwayes in the foot of the perpendiculac 
The other peculiar to the place, alwayes in the Meridian or 
tefdock oure line, but more or lefle differing from the for- 
wixccording to the nature and fite of the plane;and as the ze- 


fodoe the horizontall lines alſo differ, both which muſt be 
Wand before you can inſcribe the Azimuthes and Almican- 


* 
4 «2 
,- 
i) 
- 


EquinoGiall and Polar Plane, 


Vake the dicular ſtile the Radius in all theſe kinds,then 

Myon have three varieties of finding theſe points, firſt in the 
all plane of the 1 3 Chapter , wherein the vertical} 
 Miitof the ge isdiſtant from the foot of the ſtile (being rhe 
mall of the plane) the naturall tangent of the elevation of 
Wpole, which is the inclination of that plane to the Horizon , 
athepoint by which the Horizontall line muſt paſſe , is the 
Wirall tangent of the Complement of the pole , which is the 
tion of the plane from the Zenith, But in the polar plane 
li quite contrary, ſo is A 3 the Radius in the Diall of the 1 3 
peer, andB A 12a tangent line toit, and C Dequall to B C 
Uthediall of the 14 Chapter, HVA atangentline to it, and 
Vthenaturall tangent of 5 x d. 32', gives the verticall point - 
the 


\ 
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EquinoGi1all ; but CH the ſame tangent gives the botiony Þ 4k 3 © 
Soatio the polar ; [nlike manner AH he naturall tans b. 
38d, 28". gives the horizontall point in the zquinoRtiallyl. þ aking 
and C V thefſame tangent, the verticall pointinthepolar;ty | © 
rough H draw a paralell to7 A 5 inthe Equinotiall, andto6( — 
6 inthe polar plane,and that fhal be the horizonrall linein 
This done make H 3, 1277 theſecant of 38 d. 28'. the Rada 
for the Equinoctiall Diall, and H D' 16597 the ſecantofg14;? 
the Radius for the Polar, then ſhall the azimuths upon ab} | » 
zontall line be the naturall tangents of 1 5 degrees, 3adeprees, 
45 degreees, 60 degrees, and 75 degrees ( or of any otterpare 
you thinke fit ) which being taken of a line divided inten 
parts, or of. the Setor opened to the length of either Rady, | 
pricke downe both wayes from Hin each Horizentall lng,nd 
ſtraight lines drawne from &ach verticall point at N tho 
the 'prickes aforeſaid, asare V. 15.V. 30; V.45.&in 
ok of 1 3 and 14 Chapters , you have the azimutheregi 
* red, | 

. Now make the Diagram adjoyning , wherein let FEbthe | | 
horizontal line E B the arch of a Quadrant,thelines 10 degets 
20 degrees, 30 degrees, 40 degrees, &c. the fame as atore, ad 
F Bcrofling F E .atright angles as formerly, and furtherleÞ4 
equall to V 3 (of the Diall of the 1 3 Chapter ) and F G equilto 
V D (in the Diall of thex 4 Chapter )repreſenting the axiddti T1 
Horizon, be the ſecant of 5 « degrees,  32'. 16-7, andt0,  * 
F N:equail to. 3 H,'and DH , bee the $ecant of the yi le; 
plement thereof 1 277 ; draw theline AD for the South 
ricall of this Diall, and G N forthe polar , then makuy 
for the Polar, and F A the Radius for the Equinodtizll Dub = 
F D co ſhall bee a tangent line. to-it ; and F D, Fit o 
orees ,' F 45 degrees , and F 60 CGegrees , &c. ſhall te A 
the naturall tangents of the' Angles FAD, FA1y degress ties 
FA 3odegrees, which are againe (as formerly in rhe Hour 
lines) the Complements of the arches of the Tablc follow 
under the heighch of rhe Pole 58 degrees 2 8'. diredly ag ple 
ing with the Table of hoarclines for the Sourh and Noh 
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2s the Polar doth with the Horizontall , wherefore 
tecre tranſcribe the ſame Table in ſtead of the houre lines, 


— — 
- w - 


aking the Arches of the Azimuthes, as in this example. 
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eAzt- 

mithes, 
quator, 
= 14 -. 
S..-OL-CI- 24 
os FLV 34 
30 0O[|47 28 
45 O©1[4I 39 
60 o| 32 II 
75 us ha 2 
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Anples | Angles | 
at the E- at A. T angents. 


Secants. 


1277 © 


1295 
I 357 
I 505 
: Jahn 


—_ 


The mglc FAD being 38 degrees 28', take the naturall 
ereof , 794 (of the line divided, os of the Sector) 


moent 
aſe itfrom Fto D. Theangle F A 30 being 42, degrees 3 2”. 


let the naturall tangent thereof 917 from F tq 30. 


The angle 


FAGobeing 57 degrees-49'. ſet the naturall tangent thereof 
89 from F to-60; and to of the reſt, ſtraight lines drawne 


tom Athor 


ough theſe points, ſhall be the azimuthes croſſing 


t Almicanters of 10. 20, 30. 40, &c; at the ſame diſtances 
om A in this Djagram , that they ſhall doe from V; the ver- 
cal poine of the Diall , and are eafily found by;:the-former 
ty decauſe you have the three angles of 'every [Triangle 
"SA, F4A, F3 A, &c. given, viz. at A the Com- 


Femenr of the Arch in the Table , at F the Complemenc 


of 


<. ThedrofSuavovyvns _ 
: | | A B | 


9Þ 


—_ ——_ 


ofthe Almicanter , and at 5 the Complement of both to 16d, 

. roar A, the axis of the Horizon ſuppoſed tobetie 
adins divided into 10. 106, or 1000 parts, as youthit 

wherefore by the firſt caſe of O.P, triangles. "IE 


| "As the fine of the angleF 5 A 914.39. is tothe Bnet 
Sou the fine of the angle AF5 404d. &, tothe line A) Y 


and ſo of thereſt t you may likewiſe calculate each paireof if 
micanters #quidiſtant from the horizontal line(if it ware f 
fall ) atone worke, as you did the paralels of the ſignes, 07 
them together upon each ſeverall Azimuth, by the tormet 
asin this example is done forthe 45 Azimuth © 
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" Th agle inthe table for 45 dl. 5 41d.39 Copnes, 
1- I *0-... 0 -SI93L8 
Tre Almicantere with the Cofiues Y * 2 9972-98 
ſaby them. c—_—— 4 
40 o 9884.25 
zo © g80v07. 
The eAlmicanters added to the 51 39 o195.55 
 agle 41 4. 39%, with the Arith- 61 39 0055.48 
meticall complement of each arch 71 39 0022,66 
to» aveid ſubtrattion + = 81 39 o©0e04.17 
| g91 39 ©000.,17 
Logar, of Chil: The Almicanters from AorV, 
+ Z0099.1 0 1356 Iod. 
+ X0028,46 I 068 20 
— 9960.19 912 30 
—9888,87 714 40 
— 9808.24 668 50 
Oo, compl chyx, 


d 
tie 


= BÞBz*2p 1218s 


== 


| 


' Now adde the Cofines of 104. 20d, 30d, &c, tothe Arith- 
teticall Complement of 5 1 d. 39'. &c. and 61 d. 39', &c, fo 
neyou new Logarithmes, which found in the Chiliads, give 


| ttelengthsof the lines deſired, wherefore of a line divided into 


Ioor 100 parts equal to FA,or of the Seftor opened to that wi- 


4} &, take the lines 12<6 and 1968 and 912 &c, which ſer from 


beverticallpoint V in the Diall of the x 3 Chapter , ſhall give 
jou points in the Azimuth oF 45 d. by which the Almicanters of 
jd. 200.300, &c, muſt paſſe,doe the like with as many other 
kinuths as will ſerve your turne , atlaſt draw all the points of 


elame denomination into one continued circular line, fo ſhall 
Mikavethe Almicanters deſired. And here againe note for a 


Fnerall rule, that in this and all the like caſes , it any linefall out: 

Þdetoolong, to beſet from the Zenith Y , you may take that- 

We out oftheſccant of the angle ay. A in the table above = | 
. whic 
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which gives the whole line from the yerticall point to theRg, F Hott 
rizontal} line, and ſer-the remainder backe againe upontheyy/ gent 
math from the Horizontall line to the Almicanter ; fo if youle Þ matic 
92from'Y tothe 30 Almicanter upon the 45 Azimnth:.or - 
the remaynder thereof ſubdued out of x 595 the ſecant 4 | tet 
d.backfrom 45 d. in thehorizontall line, it will give the fine | tie 
point at a as afore, and ſo of the reſt. Now making F G ther. Þ lata 
dius for the Polar Diall, andaſing the table proper tothe Hay. & ad 
zontall, the reſt of the worke will differ nothing atallfromty,. a 


South and North reclining. -- 


+ Laſtly, initheSouth and North reclining , the perpendiake s 
nde 


ſtlebeing Radius, the Meridian is a tangent line thereunta,ad 
the verticall point is the naturall tangent of 65 d. the indlinatyn 
of the plane to the Horizon, as in the ſecond example ofthe; 
Chapter, and the Horizonrall point is the naturall tangent 
25 d. the reclination thereof from the Zenith, the conpia 
of the former, both whichbeing prickt downe in the Merida 
from the foot of theſtile', and the Horizontall line draynepw- 
pendicular thereto, proceed in all reſpeRt as formerly, 


tral 
theh 
rom 


; Eaſt and Weſt reclining, South ayd North decli- 
£ ] ning reclining. 


' But in the Eaſt and Weſt reclining, and South and North& 
clining reclining planes, where the {ubſtite , 'whichr is theMet 
dian of the van. and the 1 2 of clocke houre, whichis theMe- 
ridian of the place,areſeverall lines , you muſt firſt drawap= 
pendicular to the baſe of the plane thorongh the foot of the | 4 k 


33is V LH in the Diall of the 12 Chapter, and VKH in ie. 
Diall of the 17 Chapter.: then making the perpendicular 
L Nequall to LS in the one, and K Nequallto K Fintheo 
the radius V LH, and V K H ſhallbe tangent lines to them he 
theverticall point V ſhall be the naturall rangent of 55 d.u 
firſt,and 35 d. in the ſecond, theinclinagion of each proce 


\ 
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Aetizon, and the Horizontall point. H ſhall be the naturalltan- 


antof 35 4.inthetirſt, andof 55 d. inthe ſecond , therecli-: 
":n of each from the Zenith, which is the complement of the: 
x: the verticall paint V in each muſt of neceſſity fall upory 

& 120f dockehoure, whichis the Meridian of theplace, and 
* | keHorizontall linedrawne by the point H muſt beperpendicu- 
| itothelines V, LH, and V K H, drawneby the two Zeniths, 
i | adpaſſe thorough the interſeion of the Aquator., and 60f 
houre , if there be. no errour in the worke, Theſe things 
F trngfound, you muſt proceed inall reſpeRts as in the former 
linds;yerfor further ſatisfaCtion I will give a more particular in- 
kneein the declining reclining Diall of the 17 Chapter, Nexc 
terefore let N H, the ſecant of 5 5 d: 1743 the reclination of the 
opens, pen ſhal the Horizontal line H 60 be a tangent 
thereunto ; open the SeRor to the wideſt of N H (or di- 
ndea line equall thereto) and from either prick downe the na- 
tirall tangents of 1 5 d. 30 d. 45 di&c.both wayes from H upon 
dchorizontall line, to cach of theſe points draw ſtraight lines 
from Y the verticall point, and theſe ſhall be the Azimuthes de- 
fred, the 30 whereof to the Southwards from H ſhallbe co- 
mcident with the Meridian or 12 of clocke houre, becauſe the 
pkne dothdeclite ſo much : and thoughit had falne out in ſome 


mequallpart of the quadrant (as for the moſt part it doth ) yer 


| 
t 
j. | 
j 


= 


tadthe worke beene one and theſame : Now as in deſcribin 

teparalels of ſignes you tooke the Subſtile or Meridian of the 
planefor 1 2 of clocke,. and drew the Horizontall houre lines on 
& |} echſidethereof, to facilitate the worke : fo muſt yoa alwayes 
let } fortheAlmicanters take the Azimuth perpendicslar to the plane 
Me | {equallto the declination) as in the example is V KH: and on 
- othfides thereof inſcribe the Azimuths of x5 d.zo d.g5 d.&c. 
bywhich meanes you may make uſe of the ſame tablefor. find- 
; the | Vgtbeangles of the Azimuthes at the verticallpoint, and put- 
ſil themintothe Diagram,as formetly you did the houre lines; 
he, | fatter F Ain the Diagram adjoyning ,.the axis of the Horjzon;. 
eequall to,V N inthe Diall ,' which is the ſecant of 35 de- 
pie | Feesanclination of -the plane to the Horizon ,. and-F'B e- 
_ full to NH, the ſecant of 5.5 degrees the reclinationfrom 


the 
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the Zenith, and complement to theformer ; draw thelingyy \ 1508 
which ſhall repreſent the Azimuth V K H þ ade v fy... 
the plane ,} then if you make F A equall to V N = [450% 
the "I | 


- 
. 


orizon , the. Radius , F 60 ſhall bee a 


thereunto, and FB, F15.P30.F 45.and F60 &c, ſhall F 
naturall tangents of the Complements of the arches proper | Wo 
- the Azimuthes, under the altitude of the Pole 5 5 d, equalltoy $4 35 
reclination of the. plane, which you may colle& into atablely $} 30 
farther uſe, as in this example appeareth, Ks 
| ; 4. {- 
p— — —_ |; 
A "ail 


Whereforedivide a line into 10 parts equall to F A, of op 4 
theSeRor tothe length of FA, and pricke downethe! 
tangents of this table from F downwards upon the Horizoncal | the. 
line F B 60: by which draw ſtreight lines from A, fo ſhall } 42, 
have the azimuthes of 15 d. 309.45 d. 60. &c, crolling 8 | wh 


Almicanters of 10d.204d, 39 9.40 d, 8c, in this Scheme, = 


$7" ag is the table under the latitude 
| | jj « 26d 


=> % »> = == 
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———— 


a | Angles at | Angleat ( | 1 | 
Liciaaths, | che Hori. | A T angents.| Secants. 
br. 4a Ns lm a | 
4 y , d EX bh # I 743 
we [3s o|ss 'v| 1a I785 
ago [34 4|55 56| 199 io þ 
j3o0 |31 14|58 46 1949 2478 

a5 o [26 . 20163 4o | 2020 zo5 |. 
[*6 0 |19 28]70 42) 21 | 565 | 
Io ' 10 26 74 49 $225 


{mediſtances from A, that they will doe from Y the verticall 
of the Diall. Now have younew triangles hereframedas 


* Fateformer, viz. F 5 A, F 4 A, F 3 A, &c. wholeanglesbeing' 


with the fide F A, either in knownepartsof aninch, Or a 
Fe fides A5.A4.A 3. &c. arecafily foundby the Las | 
(ref 0.P. Triany ler. whole diſtances prickt downe 


| !tteverticall point c "x the Diall upon the azimuthall lines 


xtto them, doe give points for the almicanters deſired ; fo 
\ find the diſtances of A5S>A4,A3,A2, and A 1, uponithe 
Cajncch tobe asin this example, 


the Azimnth of 45 4,n . 26'. Cofines. | 


9993433 
9972.98 
9937+33 
9884.35 

9808.07. 


The AlmKanters with ther Coſines 


0227. 3% 
0140.64 
0079-73 
0038.14 
OOI 2.47 
Logar, 


Ti dbmicanters added to the angle 26 


| Q20\, withthe Arith, (om OS of of 
Ko arch ta eoid $ Wo 
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© Logarof (hil: Almicanters from Aory, 


+ 20220.67 x 662 
+X0113,62 : 
+70017.26 
— 9922.39 

——9920.54 

'  ©,comp.char. 


 Addethe Coline of 10 degrees to the ArithmeticallG 
mentof-364. 20'. andof 20d. tothatof 46. ao*and(y s 
reſt, ſcoke the new Logarithmes of. 0220. 67, &c..int 
lads, changin ging the cltara&eriske of I into 3 or 4, form 
aQneſle fake, ſo ſhall you find the diſtance of A 1 tobe 14 
is one Radius, and 66: 66% thouſand parts of another , whit 
of aline divided as aforeſaid, or Sefor opened to thewilts 
F:A,and ferfrom the verticall point V of the Dial ; ſhall 
* rothealmicanter of roupon the azimuth 45d. andſo'oftl : 
and note thatifthere be cauſe,- you may by-an arch of vat; 
draw the ſame azimuthes in the Diagram on the other ie bh 
ogalto. Laſtly, the worke being finiſhed, you may diſtuowh 


Uoaiimdahs by whatmumbers you thinkefitteſt,” be nnd rg +4 | 
accompt either fromthe 1'verticall as Clavirs doth; adi - 
the azimuth V K H perpendicalar to the plane , ſhaltbe# h ; 
or from the Meridian, and then it ſhall be the 39,orfro J itle þ 
(as inthis.example js done for imitation fake) and thenthe 
azimuth ſhall be the'6o, and the South -verticall the 30 
thence, as much as the plane it ſeFegeclineth, 


" ThedrtofSHavbovves. 313 

| >” Cuas; 32x31}, : 

| X i Khiw 0 deſcribe the circles of poſition #pon 
=. theſe Planes, 


——_ - 
- Cn , - 
- \ _ RES 


Md, He circles of poſition are great circles of 
the Sphere, croſling each other, in the 
common interſe&ion of the Meridian 
and Horizon, and reckoned(accarding to 

oft authenrike authors) upon the £3 
noftiall, both waycs from the Meridian 


Done 
repeee (conſidered 
and Welt re- 


fore become ſtraight lines,beuig projeftedupon the plane, 
they are ſometimes paralels, ſometimes they mect at equall, - 
dlometimesat unequall angles, according as the planes on 
"| Kidthey are projected, are paralcl]; right, or oblique, to the 
"Wot the prime verticall, in whoſe Pole they are omitted, 
- Mt Horizontal, Eaſt and Weſt dirett, and Eaſt and 
CF. Weſt rechning, 


| Intheborizoncall , the Eaſt and Weſt dire& ; #tid Eaſt ard 


— Neltrec ”, theſe circles are all paralels ; the reaſon is ma- 
1+] | Wh foras the hours: liries of All ſuch planes, aslie in any hour? 
| KK; ie therefore paralels each tb other , becatſe the 
| Fae: themſelves cut 'nort the axis of the World , but are 


- Pitdell thereto ; lo is it in the banks: of Poſiti#h , {o oft as 
+ 1 A ae | theiy 


C - 
« 
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their planes have theſame ſituationto the axis of the prin. 
ticall, in whoſe Poles they meet, - _3Wt< 
In arightſphere , the EquinoAtall plane lyeth inthyj 
circleof 6, and in the Horizon, paralell to rhe axisofthe y 
ſo doth the go circle of poſition ( which according to 4 
gers is the firſt andſeventh houſe of heayen)in an obliqeſ 
liein the Horizon, paralell to the axis of the prime verti 
In Eaſt and Weſt Dials, 'the plane lyerh ifttly 1 frrth 
houre circleof 1 2, which isalfo the firſt Eircle of pAitigh 
{cribing the tenth and fourth hoyſe of heaven, In deckn 
ning to thepole the plane may happen apon'ahy qamk 
circle or part, and ſom Eaſt and Welt reclining, Geplay 
fall upon any other circle of poſition ; from Wh! 


is evident, that as the houre lines in'the fi 


M +,» 
{ If 
1.1146 


4 


o 
. 
* ® 
- 


= 
*. 
z 
. 
S 3 
wry 
» 
% 
Y . 
| * 
++ 
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g 3 
: - g 4 
7 = = 
Jong 
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In Eaſt and Weſtreclining; let SR 114319 theſecantof:6d, wa 
41' the haighth of thepole above thephane, in the Diall of tle it 
I 2 Chapter, be Radius.then ſhall the Zquator be a cangentline Y 
thereto,and the naturall tangent of «- for 30d; and 11BW.Y 
60 d. ſereach wayesuponthe EquinoRtiall ins from thept Þ ay 
R of the ſubſtile; ' afford'you pricks, by which draw pardl - h 
+ \ 


A 
x 
"= 


: 


| tothe horizontall, or Meridianline of the Diall, have you 


My 
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fire: and as theſe , ſo-may any other circle of poſition be 
ed by helpe of the naturall tangents alone , wichout any 
le of calculation, though you may likewiſe, by iving each 
in knowne'parts of any ſcale , find out the kf ſtances of 
des of poſition, upon theſeverall EquinoQtiall lines in 

| mowne parts of any ſcale:as hath often beche ſhewed here- 


t's outh and North ere, and declining, $ eb and 


North reclining , and declining re- 
climng, 


Þalthe reſt, viz, the South and North ercR,and declining, 
ath and North reclining, anddeclining reclining, J might 
ularly inſtance, but that one generall rule will ſervefor all: 
zethe common ſeion of euery circle of poſition, is the 
— wif the Meridian and Horizon , and each particular 
4 the domifying circles, is 3o d, & £od.diſtantfrom the 


n, both wayes upon the EquinoCtiall 7 draw bur ſtraight | 
f Fi ithe point of their common interſe&tion in the Diall 
hisin the croſſing of the Meridian and horizonrall line) 


weh the-boures of 10 and 8. and 2 and 4 in the Equino- 


- « Hp alwayes 30 d.& 60d.diſtant from the Meridian, 
by haveyour deſire. 

tf the all want a center , as in the ER of theele- 

-hapter j it doth, then is the. Meridian alſo wanting,whoſe 

on with the borizontall line ſhould helpe you;in which, 


a | "ur nay find two other points, one in the primey rerticall, 


: I Unc x in a paralell thereto, ſo ſhall you have three points, 


ein the EquinoRtiall gn 19 and. 8 remayning certaine ) by 
ſb todraw each cidcle of poſition, without reſpe& ra the in- 
- ior wo the Meridian and Horizon,though being continued 

the plane, they willalſo meertherein, 
= adjoyning,let AE B be the Meridian, 6RDE 
ot! 7 ena line, AH the ſubſtile, 6 HaB the EquinoRiall, 
tecircle of poſition, 6 Z the} prime verticall,Ra and db 
Y 


z two 
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I 


\ 
, © 


R 


\ p 
\ 
: Thenn 


two paralels thereunto, in which I ſeeke points todrawthear | %s 
de of poſition by; and note, that thou b or demonſirajalle. the 
I inſtance in this ſmall Diagram, yer hath the operationsret- | 334 
rence to the Diall of the 1 1 Chapter , wherein-let HO bede. | ? g 
Radius , then ſhall 6 H be the natorall tangent of 5 deg F® 

oo#7 , and H B the naturall tangent of 85 degrees. 119Þ'*" 
which added together,give the whole length of the Equinox 4% 
line 6 a B 11527 from 6 of clock to the Meridian ,/by thatlins. $ 
and the angleat B 51 d. 40, the complementof HAE, j' $ ® 
may find 6 Eto be 9934, bythe firſt Caſe of R,P, triangits M_Þ} | 
As the fneof 6E Bygod.o'. ute theline6B 1151, . 
Sot5the fineof 6BE 514, 40', to the line 6E $934 
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Se perpend erpendicular froma (the interſeQion of 10 of 
ke quinoiall) tothe Horizontall line at R, which 
4 | diftant from the houre of 6, the naturall tangent of 6 H, 
3 andof Ha 55 d. 14:8, added together, give the line 
Ry 325,b by which and the ſame angleat a of 5 1 d. 40. (be- 
j K aand B are paralels) you may fnd,by the former caſe, 
zet5 Rtobe p180, and the angle R 6a 38d. 20',and Ra 
5nh next hand, 
1 rw theſine of 6R a 90 d. o'. is to theline 6 a 1518. ſo is the 
iP heof6a R 514.40, tothe line 6 R 1188, and ſos s the ſine of 
/ Ybeaiglea 6 R 384. 2F. tothelineR a. 949, 
Tile 6K 112 out of 6 E 9234, therereſtethR B 7347, then 4- 
by the 45 5 of the firſt of P313ſens, astheline E R 73%46is to 
wh, 949, ſoistheline E 6 9034 tothe line 6 Z 1982, ſct 
( [= from 6 downwards vpon the prime verticall , ſo have you 
point Zand ato dire you ; it you'will find another point 
a and the. Meridian,take any convenient part that you 
rpoſe out of the line 9214 ſuppoſe 2500 , that is 
ol ma and.a balfe, there willremaynedE « 65344: ſet 
wr 6to d, and ler fall the perpendicular db , then againe 
Þ feformerrule,, 
J fithe ue E 6 99234 3+ to the line6 Z 1082: 
L os the line e d 6534 to the lined b 733, 
1 M | = from d to b, the third point ſhallbeat b to draw the cir- 
1 poten Eb az; without the helpe of the interſeRion of 
wMeridi: oh Horizontal line at E, which falleth not upon 
weplneatall, © 
bei drhas muſt, you' workein all reſpe&sfor the other circle of 
Fete by the eighth of clocke houre. 


Logar, 
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Fabſ following giveththe angles, which the houre lines 
I ka qrmpres upon the Trigon,as in the 2.7 Chap- 
aiowhich the Azimuths make with the Horizon , as in 
Chapter, and is calculated of purpoſe , to facilitate the 
(deſcribing the paralelsof the Signes , Diurnall Arches, 
nicanters upon each ſevexall plane. The Canon to make, 
by bythe firſt or ſecond of the ſecond Caſe of R. S,Tri- 
OT © I 7 My 
| Cofne of the howres diſtance from the Meridian, 


be (otangent of the elevation of the Pole, - 
Wiangent of the arch for that bonres diſtance. 


& 1 | ” . 1 's Fn 
Example for 2 or 10 ofclocke.in the latitude 9 d,20”, 


TV , pa A 
4 $1 
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| | \Iytheſame rule this Table might be continued to parts of 
Finale, which would be uſcfull for divers other purpoſes. 
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The Art of $ a a DOVY ts... TR 
Many uſes might be made of this Table, which for bte ible 
I omit, and will only adde this, one how to makea tah 


of the heighth of the Sun for every hoeure andpartof the Un 


every degree and part of the Zodiack; which bein neceſſary 
coanivis of Dials, upon all kind of Cylinders, Ring, 6 
drants, and ſach like(wherein the heighth of the Sunidrequiy 
may generally be ſupplyed for all latitudes, by this tableziaty 
example appeareth, 
x Set downe the ordinary houres beforeand after noone, 
2 By them the complements of the houre arches of thi 
asthey are found ih thecommon meeting of the houre andlati 
titude, or-heighth of the pole above the plane, 
- 3 The Logarichmeticall fines of thoſe arches , adding theRz 
dis to the Log, ſine of thelatirude, MK 
| 4 SubduRttheTog. fine of cach arch, out of the Log,lnedtthe 
latitude , and there Tal comeforth the'Log. ſines of other x 
ches,which reterve to be added as followeth, + 
5-Vndex the complements ofthe houre arches aforefidſet the * 
declinations of the Sunin the beginning of eachſignegrof ay 
part of the ſignezif you will proceedto parts. 
\ 6 Subtra& theſedeclinations (beginning with 1: ) outof the 
complements of the houre arches ( or contrary when! there i 
cauſe) for Northerne ſignes,and adde them for wh p13 
one, 


ſo have you new arches an{werable toeach houre inever 

72 The Log. coſinesof theſe arches added to the Log, hnesre- 
; ſerved aboveſaid, beget new Log, fines, which found inthe Ct» 
non, afford the true altitudes of the Sun for each houredefired; 
only the Log.Coſine of 1 2 givesthe heighth without correfQon, 

8 Laſtly, the complements of the arches proper to theloz, 
fines reſerved, which helped to find the altitudes of the Sun in 
thereſt of the Zodiacke, arethe very altitudes themſelyezofthe 
Sun above the Horizon in V and =; all which being colleftedin- 
"to atable (as hereis done) it is ready for aſe; and note thatwhen 
there is cauſe touſe more houres then (ix, equall houres fromlu, 
. have equall arches, and Logarithmes belonging to them. 


by 


Hugres | 


— 


_ wo ” 5 5s » 


* ww » CC wi. \3- wo 55S $$ - w” 43S Coy 


—- 
% 
= —_ — —— — —_— 
j * 


| Vourer Comple: T e Loga- New Log: 


OO Os i *YV o' Honres, 
12 | 51 3219893.74 . | 
i 1| 52 30| 9899.47 9994.27 9. 17 7_ 5s 
to , 2] 35 25] 9915.82| 9977.9218 \' 7, 4 
9 .3| 60 41| 9940.41, 9953.3326 5,9 3 
$ 4] 68 20 9968.18 9925.5622 3610 2 
7 53| 78 23| 9991-01| 9902.73 36 5611 TI 
6 6| 90 0[10000.00, 9891,74338 38} 
5 qo: 37 9997.01 9902,73 _ I2 
4 1T1x 40| 9968.18 9925.56 
S > |23' 3 1 The declinations | 
n?A #120 131% of the Sipnes. 
£14.10 $ GE» 
d * | Cofines *  * |Howres; 
28 ' 1] 9945.87 61x 59| 12 
28 59] 9941.89|.9936.16159 41111 I 
3t 57] 9928.66 9906.58)53 4510 2 
S 137 9| 9901-49] 9854.82145 43/9 3 
Subrr, [44 149] 9850.87] 9776.43}36 4218 42 
54 $F2] 9760.03] 9662, 76|279 23] 7 5 
66 29| 9600.59] 9494.73|18 1216 6 
78 6| 9314.30| 9217.03] 9 29| 5 aq. 
8 9] 8508.97] 8434.53] 1 34]4 8 
7] ”< a IE Fam Da 
| 31« 19] 9931.61 | 158 41} 12 
, [32 17] 9927.07] 9921.3456 * 33ji1 ,r 
[35 15] 9912.03| 9889.35/50. - 55|to | 2. 
T A 140 27] 9881.37, 9834.7043 79 3 
Super, 148 7] 9824-53 9750.09.34 148 4 
58 10] 9722.18 9624.91.24 $6 7 5 
69 7 9538.54 9432.28/l5 4216 *6 
nn [81 24) 9174.74 9077.47) 6 52 |5 7 
ES eh | ,. 8 SEY 4 


_ 


— 


Ad. 


119884 


3 57 857 
9/9815 
499738 
52 


394 


C— 


300, 


15\ 
5919877 89.9872 
Xo 35 


24 4p 


9496 


On 


279194 | 


p 
I6 
+ 


5 


98 


3 3/9356 


9641 
9592 
9485 


9495 


T3 43/9472 
19393 


9199 


8403 


and entitent | 


$8 


17/9377 
25/ 
g005 $80 


9411. 
9383 
928x 


19246 - 
. $4/7241 


- wb 


9570 


6819439 


791 Jl 


85 
OS 
or |! 
63 


9259 
8959 


44 


13) 35 


1319 


13 491r.. 
I7.19 28$[190 


Ply 


Y K Tab cof the alvrude of the Sun for every houre of t of the dan inthe beginniog of —— f pelatuly) y' y 


Mouces| 


Ja 


'-1O 
oo / 
Ro 


——— 


49. 59 


| — 
38283656 32.30 36 
26, 20.5725: 37.21.49 


I5, 2 3 


14-5 7/1 


48.104 3:1: 


53 45 


50.55 
43-11 


5-48] 


313-36| 8, 


IO, 10,28 


Ky py 


6 | 


4 \* 


18.12 


| 


[el 1 


— 


>] =\1]|a|- 
SOS am > Mas a> on. = 


(HE 


' 


The Artof SyaDowes. 383 


"'N 


' To ore the truth of this calculation, which affordeth with ſo 
geatfacilitie the heighth of the Sunne in any ſigne or part for 
ay houre or part of the day , letthe Horizon, Aquator , Tro- 
Piques, and hourelines be drayyne, parts of the generall Scheme, 
86direQted in the fourth Chapter; crofſe the hourelines with 
thole Azimuths, which interſe& them at right angles, which is 
elily done, ſeeing you have two points, the one inthe Zqua- 
tor, the other in the Zenith , 'ready given to draw them by ; for 
s the harmony of the Sphericks in generall, but particular- 
lof Azimuths and Houre circles,thatasthe South Azimuth co- 
incident with the Meridian doth crofle the 1 2 of clock houre in 
| Cc4 the 
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the Xquator, and the fix of clocke houreat right angles; a 
flancfrom the ſame, ſo doe the-reſt of the Acimube wh | 
terſe the houre lines in the Zquator ; croſſe the other hu) 1 
lines at right angles alſo, which gre 90 d.diſtantfromthen, - 
Thus doth the Azimuth a z1 crofſe the 1 1 of docke honrep;, | 
11 inthe Zquator ata, and the 5 of clock houre Ply, 


Py 
-quat rePl5.o94% 
ſtant from it at right angles inl, fo doth the Azimuth bZr,cob 
thehoure Pb 101m the £quator at b, and Pr4,909, dif 
from itat rightanglesinr, CZI, PCg, atC, andPrzy1 
dZh,P4d.s, atd,andPh2ath,fZg,Pt7, atf, andPpr ve, 

Thearches in the table are Pl, Pr,P1, Ph, &c, ad ther 
complements (which are the firſt numbers uſed in thisealaly,. 
on) arel A,rB,IC, hn, gDand ZK which arecitherſund6; 


the firſt part of theninth eaſe of O, $, Triangles , if you the 
withthe obtuſe triangle, Þ Z N, or by the ſecond caſe of RS,pi. | wile 
. angles, if you worke with right angled triangle PhZ. For ' ' | yo 
Th _ 
. As the ſine of PhZ 90 d, © 10000,0000 | tical 
7s to the tangentof PZ '38 28 990,08; mual 
So # the coſneof hP Z , 30 o 99375306 tot 
To the tangent of P h | 6:23 x9837.6171 - 
poplar lb 35,39. : 1 
EY nm 23 31 | 2k 
mh3r 57 

oh 78 59 


Subſtratn m 23 d..31'. out of hn 55d, 28'. there reſteth mh 
31d. 57. for 2 of clockin &, but adde rim orno 23,31 ; 
tohns 5 d. 28', ſobave you b o 784. 59'. for 2 of clocke ine, þ 


þ 


and thus are all the reſt of the numbers made up in thelecond | 
colame of the Table, by. adding and ſubtraCting the declination | ' # 
© © 7 wool Ben IIs" 

' The farſt 9 numbers of the 3 colume are the Logarithmetical 
Sines of the arches formerly found , only to the Logaritims of | 
5 Fry 32/. the elevation of the Pole, the Raduus is alway6 tobe 
> Fe RN Ea: vo EN 


AB The firſt'$.ou mbers of the fourth colume arc found by al ; 


| FT 


—_ or :=for $ and 4of cloc 
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ſabrraftio nof thoſe rithmes out of the Logarichane 
the elevation of the Pole; fo o.if yoiſubdu& 9915. 7 proper 
tion, 


Pact MIS 19893 74. the Radius and 
terereſterh 9977-92. the com a jw of the heighth of the 
for inthe Tranglenhd, by 


hers of the 4 of Regjomontanua, 

Whtheſne of nh | $54, 28% o815.8199 
hthe fue of hd 7-47. 90--/&\, IG = 
Jithifne of RE, 5x 32%. o89 

Tithe juref 2d _. Le DL. 33, ( '9 92fs 


nplement whereef! Zh 184d; 7.equallto FE X,"18 the alti- 
nee Sunin the Zquator at 8 or 4 © clocke 99d, diſtant 
fromPhn 2 of clock, and ſo ef any other. 

Thereſt of the mimbersin'the'3-:Cehimeare the Logaiithne: 
tall Cofines of the arches of the ſecond Colime, which conti- 
mully added to the Logarithmes of the fourth Colume , 
wibohet th of the Sunin the Equator formerly fou Ap = 
e reſt of the Logarithmeticall Sines of 4 fourth co- 


lime, which found in the Canon , S 44 bc _ dfted, 
e me by the 


For 


may be likewiſe proved out of 
Zh m, Zin, and Zh Q, by the ninth caſe of R,S, Tritngtes, 


3 
dninfs if Zhm or Z ko g0d, &, t0000.0000 
Iite 'of \ 31 57 9928.6570 

| 78 59 9281.1482 

| tedtecafur of 7 h. - 18 7 9977-9253 
Tothe coſine of Z, m 36 1 5 " Sa 
".,0rZO 79 32. , 9239-973$ 


Thereforemp 534d;45". the complement of of Z m, the alti« 
wde of the Sunne for 10 and 2 of clocke in &, and OV 10d, 
$, the ve complement 0 of Z O, for the ſame OY, the 


I . . 
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i 1 defired; hd thns ma) the alalation be 
_— of fm eovelWalg | by 


; 
| V J: & 
" ” 6 p ' . , - ' & | 
0 Pe Oy A th. ” : . \ . TEA 


ns D34d For, DEBA HOPED LIOIGE HINGE — IC 
| Cuar; XXXIV. | Þ 

R dray aDial } npen the ſeeling of a Room bE 

py : Yate [ < _ 
| Will now conclude this worke au V 


F—.4 .of Sconbergins , who hath alſo- borrowed the | 
MS» Ame from Babtiſta benediftus : vis, hoy to 
== draw 2 Dialt upon the ſeeling of a Roome, 
dS whereby wemay ſeethe houre obthedy, by 
| ' therefleRed beamesof the Sun,as we ſityuh- 
in _ En confeſle it is a pleaſant thing,to behold how rthub 
tthe Sun to. trace out thoſe lines and paralely by reſflectm 

Romo gee which thedirec beames xn never ea 


- The Denunftration. WES 0 


The wok erect i is grounded upon that axiome. of 1 fy 
in his ( atoptriques : that the angles of Incidence cn! 
Txeevermoreequall ; as may Tree by this Diagram, *. 


CO 


"en ov wg oo =-=© _ 


A eos Yolts # a6 Ha Es 


Tet A B K repreſent theſeeling,L. D Cthe end plans, 

Th roveh Jap lafle at D:DB Se emhcgl c 

_ t> eleellp ve un Radius DB draw the ſemi | 

is. Sans hg Merdian + : ler E be thealtitude of the bur oF 
d. 57". Finthe Equator 38. 28, and Gins," _ by 1 


—C 


M by the foreer 


; 4 

The Artof SHaADOVyY ES: 399 
er axiome the Sunne in G caſts hisbeames upon the 
\fein D% which reflefts them backe againe to H : in F itre- 
* $ostol:in Eto K; making the angles H D B,cquall to GD B, 
1DBto FDB,and KDBroEDB, Nowit DB bemadethe 
Radius, then ſhall A B K be a tangent line toit : and the points 
H, I, K, upon the ſeeling may be cafily found by the naturall can. 
 ventsof the Complements of the angles aforeſaid ; and the ſame 


= —" © — WV" HY _- 


reaſon holdeth upon every other houre circle,as well as upon the 
Meridian, - 
X The projeftion. z 


Having thus laid the feundation , proceed tothe workee and: 
firſtofall make choice of a fit place, either without the window 
intheaire; or upon the Sell or Tranſam of the window, where 
_—__ {mall piece of looking glaſſe ( not abovez part of an 
inchdiameter at, the moſt) exeaRly paralell to the Horizon : 

 etfo, that therefleRed beames of the Sun may paſſe without 


] $1 af'® 
, © 
ws . 


umpediment from the glaſle to the ſeeling, (which any caſement 

© opened, or quarrell of glafſe taken out of the window will ad-" . 

+  mit)andlet there be a moveable cap tocover it from the wea- 
ther , when you liſt not to looke after it, or the Synne ſhinech 


The place being choſen, draw the Meridianline(as is dire&ed 
jathehxthor tenth Chapters ) firſt upon the flokwre for eaſe 
fake, which by perpendicnlars may afterwards be transferred-in- 


* 


4 cotheſecling : and this line muſt alwayes paſſe thorough-the 
|  centerof the plaſſe, Next ſeeke thediſtance from the glaſſe to the 


leeling, wherein you muſt be very accurate,becauſe this diſtance 
ire the reſt of the worke , and mult, cut the, 


8the Radimsto 
| Nel at right angles, 


uppoſe that Meridian line drawn upon the ſeelingbe ABCE, 
the place of: the glaſſe (let into the Sell 6r Tranifam of the Win. 
dw therhiclaiefle thereof,) ar D thediſtancegFthe Glaſle from 
FieSeeling DB, make D,B the Radios, .then ſhall ACE be g. 


gent line thereto : and the leverall points A, R, C, E, zipon 


$ 


| _theMeridian, ar eaſily found, by naturall tangents, withott the” 


trouble © > 


= , , > 3 


* 
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- Wo gin; Fo bo DB lng. an 
Parts (a$ 13 in ter 135 

MANNEETTS, 22 * the acne of hehe 

Wn Cre che ſecanhereat: BA ye cheganl 

28', the complement © e heighth thePole; 

- of the Diall, where all thehoure lines willmec? 

aire, if wehad anynecd thereof: BREW 


F © ThearofSabovys 389 
raleangent of 28d, endin prongs nentof the heighth of the 4 


* Jomeat ofthe heighth ofthe Sunn inZp,- oo, NaN 
or agh the point C draw lite CKar right angles to 


; Meridian, repreſenting the £quatorupon the feeting:make 
D the Radiusof the Zquator, then ſhall CKbe rrgetling | 
tereanto 2. divide CD into'xo or 100' parts as afore, then 
Gall CG be 358 of thoſe parts, the natural tangent of x5 d,for 
11and x of clecke, and CH 577, the naturall racof 30d. 
hor 20and 2 of clocke': and Cx 19c0 equall to the Radius, the. 
 paturall rangent of 45 degrees for 9 and J of clocke: and CK 
- 4132, the naturall tangentof 60 degrees for 8 and 4of clocke ;*. 
Frhehoures and 7 and 5 of clocke will not fall conveniently tp-- 
titheſecling, they cuuſt bee ſupplied from an Eait and Welt 


Wo. : | | ' 4 
k _ gfoundthe point G, H, I, K, upon this &quinoQiall, : 
- thorough which the houre lines muſt paſſe : you may draw ano- 
, WIE unto it, from any part of the Meridian where you 
Letthatline beEP , drawne from the interſe&ion of >Q, 
4 adthe Meridian: fron the point E raiſe a perpendicular to the 
4 avAD continued to L, which willbe paralell to CD, ifthere 
$ benoerrour intheworke, Make EL a new Radius, which di- 
'F nideinto10 or 100 parts as afore, then ſhall EP be a tangent 
4 lnethereunto; and rhe ſame naturall tangents, taken of this line 
+ diided, as formerly they were of CD, ſhall give the diſtances 
- AMNOP from the Meridian, correſpondent to the former-: 
bycach two points G M, HN, I O,and K P,drayv ſtreight lines: 
| Glhallyon have the true honre lines, for the refleed beamey of 
tteSun withoutany regardto the centre,which fals without the 
4 Komein the aire, | | | 
- Tyoubedeſirous to draw the paralels of the Signes, (thoſe i 
- ook Sand ee being neceflary, for confining the length gf the. C 
bore lines) or the diurnall arches, Almicanters, and the like,you 4 
neareRions for them in the 27, 28 and 30 Chapters afore- 2 


aurit you will worke by the complements of the Suns altie £49 
Wie, make D B the Radius azaine, the diltance of the glaſle and ** 

| To "wy 
| Ws 
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ſecling repreſenting the perpendicular ſtile of the Horizop 
Then Thall | ogfind the altitudes of the Sun ready ealeulayyjn 
theendof the ormer Chapter, for every ſtgne, and hours. o he 
: the naturall Calo of cc Complements Whereoftalq 
the famelinediuided as afore', and fer from B repreſetri 
' the foote of ex peroeadionte ſtile , upon each houre linedy? 
ded as afore, andſerfrom B repreſenting the foot ofthe perges. 
cicular ſtile, and EQ are drawne , for Iz c& ; you have thepa 
ralelk defired.. _ 
"The like may bedone, upon any ere plane, South, North 
Faſt, Weſt, ardeclining; alwayes placing the glaſſe theleaghof 
the pependicular ſtile, from the plane, ſuppoſed tobe inthecens 
ter of the earth, ._.. 
| Andnote that:if you firſt draw the Diall in paper to yarl. 


king; you may (by | 
thereof by Diaganals 1nto 1 00) transferre the ſame into theſte: 
ling, as wasdelired, wh s 


—— 
—GK 


Cnay, XXXy, 
D#vers propoſitions neceſſary for Dialling. 


the . a —_—_— - 2. F0 ——— Mt L - - ——_— . =_ 
# 


©” — _ es. 4 


PROPOSITION TI, 


%. 
' Theelevation of the Pole , and declination of the Suntb#s| 
ing given, to find at what houre the Sun paſſeth from 
fhe .one fide of the Prime verticall to 
the other, . 


WAP S the Spheare it ſelfe may be ſeverall w es pros - 
©@ jetted in plano., fo may the parti | 

) thereof neceſſary for this purpoſe ; the uſul | 
way is by making thelimbe,or outward irclt 
tobe the Meridian ; ſo the face of the Scheme 


* .repreſenteth the Eaſt or Weſk Hemiſphere 


elpe of a foot, divided into ten parts, ad. i 
| 


DEV 19 14/8 v7 60 HEE "I 


TER-3-3-8-3-2 
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rather retaine my firſt forme, which making the Horizon tobe . 
thelimbe, the face thereof repreſenteh the upper ornether He- . 
 milphere,and wil ſerve much apter for this purpoſe)reſolving all 
the Propoſitions following by right angled Triangles alone,with 
the helpeof the heighth of the ſtile, and angle of the Meridian, 
es mY maſt of neceſlitie be firſt found , before any Diall can be 
e | 
| Toreſolvethis queſtion therefore, yon may remember thar 
NESW is the Horizon , NZS the Meridian, EZW the 
everticall, & AS the Tropique of Cancer, EKW the 
qunottall,*c@ B c& the Tropique of Capricorne , P the 
"North Pole, and Z the Zenith, PSR aMerigian, or houre 
Cirele croſſing the Tropique of S in the point S apon the 
pune Verticall : ſeeing then that every North and —_— 
Wa 
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South wall lieth in the plane thereof, whenſoever the Sun ng 


kerh the one fide, it ſhineth upon the other; which time with, | 
needfull co be knowne that you put not mere houresupon eiches 
Dial, then the Sunne in his greateſt Northerne declination «y - 


plement thereof R E, giveth the houre of theday deſired, which 
you may find by three ſeverall triangles , for in the leſſer triangle: 
.  RSErightangled atR, yeu have the fide R$ hegreneht il 
Clination,and the angleat E, whoſe meaſure is Z K, equallto the 


poles elevation, to find the lefler fide R E by the firſt of the fowrrh * , 


caſe of R.S. triangles : or againe in the-quadranrtall K ZE you | 
have Z K, thediltance of the EquinoRiall from the Zenith, e. 
quall toP N the elevation of the Pole, and RS the declination, 
andthe quadrantKE, to find RE , by the ſecond of thefmrthif 
Pitiſcme, or thirdly, in the triangle PZ S verticall toRSE, you 


"x; : nan | 
ſhineupon. TheangleatP, whoſe meaſure is K R, or thee & 


me” p 7 ; 4 
- \ : of 
. > Ya 


"'E 


| 
Fy 


havethe right angleatZ , andthe two fides P Z 384.28, the 
complement of the elevation,and P S 66 d.29',tht complement 
of the declination to finde the angle at P , whoſe meafureisKR, 
the houre deſired, by the ſecond caſe of the fourteenth caſesfR,S, 
triangles, For : 


| Logar, 
es the tangent of PS | 664, 29%, 10361.35 
Ts tothe ſineof PZS go ©  10000,00 
Sou the tangentof ZÞP _. 38 28 9900,08 
To the fineof ZSP 20 14 - #953593 


Therefore Z PS 69 4.46". 


Which 69 degrees 46'. reſolved: into time , giveth foure 
houres 39'; for K R, reckoning from the Meridian, or the come 
plement thereof x houre 21 for R E,accompring from the prime 
verticall or houre of ſix. New then becauſe the Sunne forlaket 
the North wall 2r*. after 7 inthe morning , and returneth uy 
againe 21'. before 5 at night,itis necdlefle to put upon that Di 
$ ofclocke in the morning, or 4 at night, either of which houres 
, theSuncannever ſhine upon in our latitude, 
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1 ©... one fide of any declining plane to the other 
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” PROPOSITION II. 


22 I. ation of the Pole; and declination of the Sun beiu 
' = 10 find what time the $#1 ſhall part from the : 


fide. thereof. 


ie LL ere& planes declining lie under the azimuth of 
their declination; therefore let C Z RD bea de- 
- Clining plane, 45 degrees from E or Was much 
*as the Poles thereof H and F decline from the 
© North and South parts of the Meridian NandS, 
*. "cutting the ttopiques of S and cC inthe points 


N\ © 


W 


SLIT EIT 


- 
>. 


A oo 
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- des drawne from the Pole, croſſing the trop 


; ings Fo 8 
Lys, 

i aAsthefineof SRP. E 90 4, o' 10000.00 
gs to the catangent of PS | i 66 29 963b65 
7.So #5 the tatgent of PR "A. 26 6 qg6go.0 

' Forhe coſine of S$-P R wy 77 41 4931875 
'Snbtrac the angle Z P R AN $ LS 4 >: 
There reſfeth.S$'# Z | 25 44 whichte 


: Againe unto the angle S P R = 41". 
ddetheangleZ P R | FI ' 57 
There arifeth an angle of 139 38 | 
Whole complement to 180d,.is _ -, $9 4 converted 


"Th HuSnas ovvesr. 
Sand C; andletÞC, andPS, be ewo Meridians, ems 


| (þ 


jo ” 


{' 
plane in thefaid points of Cand'S; the an wr, o P Y ; 
{hall give the honresof the day , "(whoſe eaſt Zn ” a \s 


quator are # K, and z G) when theSunt in exh hpi P 


= 
9 
\& 


o 
: 


Leth the one ſide of the Decliner, Net upon the mY 
you may find by the two oblique" triahgles C : .” and $? 7 
(wherein two. ſides andan an by adj acentare given, 


J- 
Þ*. 
. 
: 


caſe of O.S, triangles, Burb) & 0 Fthe analehs 0 ve 
hs ZPR, and;theh Ns of the Pole aboxel 
PR( Wha! muſt; N wayes be Cha Refors you opt 
all) you, ſhaft;ea6 Telotve this a 496. te of G <> by 
ripht angel ES 3% RP, kt © Ale bot « for oth Vion have 
F: tightanfffe-at R'g0d. 07, and thebale opp Ur te thereto P'S, 
the complement of the declination 66 A 29/, gh hel ide. 
P'Rthe heighth of theſtite >orÞole above the plane 2646 (as 
intheninth Chiter appeireth ) to find the whole angle$?R, 
out of which the angte Z P R being {ubtra&ed, there reſteth 
SP Z,; the houre acfired itr & : but unto that whole PR, 
the ang te.Z P R being added, the complement theresfto180d, 
gen Fon. ure in 6 by the ſecond of the fonrteenth teaſe of RS. 
L 


Ived into tizie giverh one houre 4 ;' for thetime ms, | 
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" jato time, giveth 3 houres 21”, + for the time in 7? , when the 
which two limits the annuall varietie of the Sunne is concluded, 
FT wherefore you may putupon any Diall declining Eaſt 45 d. the 
oute of /z of clocke ,, and declining Weſt as much the houre of 
"gof docke, and a z if you will, at which times the Sunne paſſeth 


HH, 
.Þ 
WL... 

2 


ota one.fide of the plane to the other ; betweene 


their oppoſite ſides. And ſeeing by this calculation it plainly 
xareth that the Sunne keeping the way of the Ecliptique pre- 
7, may notwithſtanding vary an houre and almoſt } of time 
the ſame azimuth of Southeaſt or Southweſt , upon which 


: 1 theMoone here at London maketh full Sea,bothat full & change; 
Ayer in reſpe& of her latitude may alter the time more, let 
them 


t preſcriberules for the tydes conſider how feldome the 


© Moone commeth upon the $, W, or. E. azimuthes juſt at the 


honresof ©3-or 9, and regulate the times thereot accordingly. 


—_— ——_— 


PROPOSITION NIL. 


The elevation of the Pole, declination of the Sun, and reclinatiog 
- of the Plane being given; to find what time the Sun forſa- © 
kith an E. or W. reclining plane,and ſvineth 
wpon the inclining oppoſite 
thereto, 


hd re 


w ap He planes of Eaſt and Weſt reclinersor incliners 
SW lyeinthe circle of poſition denominating their 
JJ reclination : Let that circle be $ F N of the firſt 
| Scheme , reclining. from the Zenith upon the 
m prime verticall E Z W-the quantity of Z F 35 d/ 
& cutting the tropiqueof & in the point D : and 


. the houre cirele paſſing by the place of the Sun be P Dy, in- 


terſeRing the tropique and the plane in the fame point D : the 


aye DP A, whoſe meaſure is r K , ſhall give the houre , when 


ieSun paſſeth from the upper face of the rokaning plane, to the 


Ponte the inclining and nether face therepf; which you may 
by the quadranrall F Z S, and the verticall triangtes C K , 
Dd 2 and 


396 The ArofSuavDovyegs. 
.-and CrD :K Cand Cr meaſiring the angle at P,6b the fi 


. The fift caſe of RS, triangles, but I rather reſolve it ptheria, . | | 


forrteenth caſe of R,S, triangles, 


_eAs the fineof PRD 90d, &, Ds. 
1s to the cotangent P D 66 -29 9638.65 
So 1 the tangent P R 26 41. g501,21 
To the coſineef DPR 177 232 2933986 
Unto which adde the angle R P N : 66 28 £ 

betweene the two Meridians © 
There ariſeth the angle D P N 143 $0 
Whoſe compriagent to 1804, | { s 

giveth theangle D PZ "C00 


Which 36d. 10”. reſolved into time , ' giveth 2 houres 24. 
afternoone , when the Sun in the tropique of & forſaketh the 
Eaſt reclining 35 d. and illuminateth the oppoſite the Weltin- 

lining plane as much, or it giveth 2 houres 24: before noone, 


when the Sunne parteth from the Eaſt inclining plane, and - 


enlighteneth the Weſt reclining as much. 


n——_ « m ——_ 
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PROPOSITION TIy, 


The altitude of the Pole, declination of the Sun, aud reclination if 


the plane being given , to find what time the Sun ſhall far- 
ſake a North inclining plane , to ſhine upon the 
South reclining oppoſite thereto, 


= Hereare ſix varicties of North and-South recl- 
0/4 ning and inclining planes, as by the-1 2 Chapter 
more atlarge doth appeare : of the three Sol 
that which reclineth to the Pole, lyeth inthe 


of clock houre circle,repreſented int m_ 


2 2 2-5Y 22,2 2. 2.0 


CS WY WY WY Y GS © 


be. Es. dt. I 2%. 135 £2 


Cock; and in the Southerne ſignes ſhines not at all upon the in- 
| ptintheSouthernefGignesupon the inclining part thereof, bur 


 ereſentedby ED G W,interſeR it twice at G and d,by which 


% - 
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bythelineE P W, and therefore the caſe is plane,that the Sunne 
lwayes paſſes from one ſide of the fat to the other , juſt at 6 of 


dining ſide, The like may be faid of E a W , the North recli- 
ung plane to the Equinodtiall; for during the time of the Sunnes 


inthe Northerne fignes,it onely ſhines upon the reclining 


vetimes of the reſt are thus tobe found. The South reclining 55 
degrees,repreſented by the circle EC X W,cutteth the tropique 
Slntwoplaces at X and B, ſo doth the South reclining 25 d. 


a it 
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it plainly appeareth, that from the Suns riſe in S, till hetomeg 
- b and d, he ſhinethupon the inclining ſides of the planes; fron 
thence to G and X upon the reclining ſides of them ; and fron 


thoſe points till tie ſet upon the inclining ſides again. Therforely | | 


fall two Quadrants from P to the Z&quator,paſlingby XandG, 
' viz, PXRandPG F,thelike ſhould bedrawnefromPbybany 
d; but to auoid confufion of lines ; ſo have you foure,T 

to determine the ſame by, either P C X orhis verticall WR x, 
for the firſt caſe : and DP G, or his verticall F'W G, for theſe. 
cond caſe. In the triangle P CX, right angled at C,youhaveP C 
the heighth of the pole above the reclining plane ECY 164, 
22'/a8pag. 138, andthe baſe P X, the complement of thedecl- 
nation 66d, 29, to find the angleat P : wherefore by the ſeemmd 
of the 14 caſe of R.S. triangles. | | | 


| Los, 
eLs the fneof PCX god, &, 1000000 
1: to the cotangent Þ X 66 29 "96486; 
Su the tangent P C ) 16 32 . 947453 
Tothecoſine of CPX 82 35 #9141.18 


SubtratCPX82d. 35% outof NP W god. thereremans 
RP W. or EPb 7d. 25', which converted into: time givetho 
houres 30, before 6ofclock in the morring,and after 6 at night, 
when the Sun in £5 departs from the inclinzng fide of the plane, 
and ſhinesupon the recliaingand contrary, In like manner, in 
thetriangle D PG, you haveP G , thefame with P X, 664, 29/, 
and$P D the heighth of the South Pole above the reclining plane 


DO 


theangleP, wherefore by the ſame caſe, 


EDW, 139. 28'. aspag,144.and the right angleatD, to find 


Logar, 


As the ſineof P D G | 904, ©', 10009,09 
7s to the cotangent P G | 66 29 9638.65 
5 045 the tangemt PD. 13 28 9379% 


To thecoſineof G PD 84 2 #50179 


*" 2% TE" BORES DB &, 


fourth of Pitiſcus, or inlefler triangle W M O, you have the an- 
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i 

{/: Subtra&G PD 84d; 2*;.out of a PW 90. there remaynes 
WP For EPd, 5 d. 58':which converted into time, giveth o 
: - hotres 24', after and afore'6 of clock; when the Sunne in S for- ' 
| - © Gkes the inclining ſide of that plane , to ilkiminate the oppoſite, 


the recliningpart thereof; and contrary. And thus may yoube {a- 
tixfied for any other declination of the Sun whatſoever, 


4 rn AU ——— —— — 


PROPOSITION V. 


Thealtitade of the pole, declination of the Sun, and reclizatiou 

of the plane being given, to find what time of the day or 

. yeare the Sunne forſaketh the North reclining 

| part , to ſhine upon the South'inclining 

part therebf. 
>a N the former ſcheme, the circles E LW, 
ZZ EaW , andEH W , repreſent the three 
ſorts of North recliners ; whereof that 
23 which reclineth 5 x deg. 32'. lyeth in the 
PA plane of the EquinoGQiall circle,of which I 

7N/ avefpoken before, For the plane recli- 


ning 25 d.repreſented by the circle E LW ” 

rFYNTe during the Suns ſoutherne declination, it 
only ſhinesupon the inclining fide : bat during his abode in the 
Northerne ſignes , ſome part of the day upon thereclining ſide, 
and ſome part upon the inclining , as doth plainly appeare in the 


_ſcheme;for from the ſunne riſe in S, till itcome to! z5 d. where 


the tropique cutterh the plane,it ſhinethupon the reclining ſide, 


from 25-to O upon the mos ſide, and from O to the Sun ſet- 


tmg in S upon the reclining ſide againe : which times are thus 
tobe found, Drayy a Meridian, or houre circle from P to M , in 
the Equator, by O the interſeRion of the plane and tropique z 
thelike may be drawne on the other ſidealſo; the angle MP a gt- 
veth the time deſired : which may be found by three ſeverall tri- 
angles: for in the quadrantall W a L, you have La 26d. 32%.and 
OM 234. 31/.2nd the quadranta W god.to findthefide M W, 
whoſe complement is M a, the time deſired ; by the ſecond of the 


2le 


- | F 
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Bleat W, whoſe meaſure is La , and the leffer fide MO; "li 
the greater fide M W, by the ſecond of the fourth, caſe ork, 

angled Sphericall Triangles : or laſtly , in the verticall th; 
PO L, you havethe right angle at L, andthebaſe PO 
thereto 66. 29', and the greaterfideP L 63d. 28}, to findite 
lefler angle at P, by the firſt of the 14 caſe of R.S, triangles, by 


| / | Loger, 
eMs the fneef PLO 6 Be: 904d, &. 19000.00 
Is to the cotangemt P O 66 39 T7 1 
So ts the tangent of P L | 63 28 103016 


To thecoſineof OP L 4.2 29 24 9940.28 


Which 294. -22', reſolved into time, giveth 1 howe7,* 
both before and afrernoone , when the Sun in Cancer forkketh, 
and returneth againe to the reclining part of theplane, ”_ 

In like _—_ during the abode of ay” _ in Northerte | 
fignes, it only illuminateth the upper face plane, reclining 
| 4 repreſented by thecircle E HW, thereſt of; theyeeret | 
ſhineth upon both (whoſe times arecaſily foundbythedeclinz. 
tion)unnll the Meridionall receſle of the Sunne from the Zenith 
be greater then the reclination of thejplane, and thenit ſhincth 
only upon the inclining part thereof. To find the tine the 
yeere for that, firſt draw the Ecliptique line W TB, ,thenfab- 
tra& Z a the reclinationof the EquinoGtiall 5 1 d. 32'.out of ZH, 
the reclinationof theplane 704. there will reſt a H x 84,28'he 
declination of the paralell , when the Sunne forſakerh theredl- 
ning ſide, and onely ſhineth upon the inclining fide of the plane; 
by the declination and amplitude draw this paralell KH (ot 
ſeek the center thereof by the rules of the fourth Chapter) which 
ſhall croſſe the Efliptique W B at T , whole degree and minute, 
from either cardinall point I would know. In the quadrantall 
WW B al have the greateſt declination given B a,and the partic» . J 
Jar declination of the plane, or paralell T I, cquall to Hazto find ; 
the fide W T; by the firſt axiome of Pitiſcus R. $, triangles: or 
rhe ſmall triangle T I W, ro find the ſame, by the firſt of the exght | 
Caſe of RS. triangles. Fox os OS | 4; 


- 


The Artof SHADOVWYES: 


"Rn Logar: 
" Ar. 
1 | bu 334 37. 9600.99 
& Wrrethe whole ne W 90 Oo I 0000,00 
8 | tratheſmeof T7 '# 0 a 
«| Tibefneof TW PE. 30 IO 


Outof 52 d. 33'. fubtraRt 3o d. for the ſigne of =; there will 

ayne 22 d. 33' of mforthe ye> of the Sunne, when it for- 
| te the reclining plane, an ſhineth onely upon the nether 
ee the-inclining part thereof, till itaſcend againe into 7 d, 27. 
of, which is in paralelliſme wittrir, by this place of the Sunne 
8 | every Almanack will ſhew thetimeof the yeere, 


 — — ——_ 


1» ==_ as | p — 
wr PROPOSITION VI. 


The altitade of the pole, and declination of the Sun,together with 
. the declining and reclining of the plane being given, to find 
= what time the Sun forſaketh the North mnclining 
F _ fide, ro ſaune upon the South reclining 
| oppoſite therets. 


Ms 29 2 N declining reclining planes there are the 
W711 PLAAW . 8 5 P . . R 

OS ſame varieties, that are in the dired recli- 

2 ning ; the firſt three caſes are repreſented 

n this Scheme, whereinlet K ZD bea 


Vo mt 7 a from Sor Nofthe Meridian , and ler the 
EE + VU threereclining planes beeKH D 204. of, 
theexample of the 15 Chapter,and KG D 34d. 31'. the exam- 
| ple ofthe 14 Chapter, and K F D, 55 d.o'. the exampleof the 
16Chapter,, in all which I would find the time that the Sunne 
forfakerh the one ſide of the plane,to ſhine upon the-other; And 
you may osferve from the bare ſight of the ſcheme, becauſe 

, MEtropique of Cancer 3 f &,crofles cachof theſe planes in two 
| | places, 


CY 
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places, once atf andh, againeata and d , that therefore then 
in that tropique will both Morning and Evening ſhine upon the 
inclining parts of theſe planes, untill the amplitude thereof be 30 
degrees equall to the declination of the planes, from which time 
tollowing hee ſhineth npon the inclining part no more n the 
Morning. Now then draw Pdr, and P al two Meridtans, or 
hourecircles, fromthe pole P , croſſing theplanes K CD, : 

XK HD, in the tropique of  atd and a : the like ſhould be done 
at Fandh, but to auoid confuſion of lines; In the right ang] 
triangleP R D you havethe baſe P d, the complement of the 


clination 66 4, 29'. and the ſide P R , the heighth of the _ _ 


\ 


\ 


.. 
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| 1 theplane , found by the 16 Chapter tobe 19d, 25”; 
| Re ane place theangleR PN, betweene the two Meri- 
op 0 17d. 3%, (which two things Iborrow as often as there 
' | pcaſe, to facilitatethe worke, conpoering they muſt of ws 

kty be found before the Diall can bemade) by helpe whereof to 
£4 theangle d P R. by the ſecond of the 14. caſe of R,S, Tri- 


angler, | | 


| | Logar, 

| lathe fneof Þ RA 90d, &,10000,00 
Jtothe cotangent Þ d 66 29 9638.65 
Winthe tangent of P R Ig 25 9547.14 
To the coſine of d PR 81 11 t9185.79 


Vatothe angle dP'R 81 d. 11'.'adde theangle NPR, 27d. 
| $8; thewholeangle N;P D is 98d. 49'.90d.18 6 howres,there- 
bire$d; 49. reſolvedinto time , giveth © houre 35”. before ſix 
| night, when'the Sunne in S forſakerh the plane reclining to 
| Gineupon the inclining (ide thereof, or againe the angle d Þ R is 
| equlltozPr, $14. 11'. which reſolved into rime, gives five 
oures, 25', from noone. In like manner in the triangle P X a, 
' right angled X, you have P a 66d. 29/. as afore, and PX the 
kngth of the ſtile, 2 3d. 49', and XP O 28 d. 52. the angle of 
the Meridjans by the 1 5 Chapter,tofind a P O the angle defired, 
 ytheſecond of the 14 caſe of RS, Triangles, For | 


| : Logar., 
Arthe fine of PX a 90 4, o'. 10000,00 
lito the cotangent P 4 66 29 6638.65 
Jouthe tangent PX © I} 49 9390.81 
Tothe coſine of a P X 63 $5I x9029.46 
Outoftheanglea P X 83 d: 51. ſubtra& the angle X P O 


ddeprees 527, there remaynes the angle aP O 54 degrees 59'- 


i converted into time , giveth three houres 40'. after- 
1% - when the Sunne parteth from the plane reclining 20 
"<9. and ſhineth upon the inclining part oppoſite there- 

| , VY | + tOs 


' -and minute; which you may find either by the triangle GPZ, | 
by the ſecond of the Fhreenth caſe , or- by robin. lr 1 
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ai 


forſakeththe inclining ſides of theſeplanes , to ſhineupon 
reclining ſides thereof , you needreſolve no Triangle, tp 
beinzgequall tod PR. refore as you adde R P 17d. 7 
to d PR,ſo muſt you ſubtra@it from FP R,andthere willtens 
FPN 639. 33'! which converted into time, gives 4 honry 
14'. from midnight, that is neere a : after 4 whenthe tun 
leaverh the inclining part of that plane ; likewiſeh Þ X 8equal | 


toa PX, therefore adde XPo 28d. 52. unto hÞ-X g34e. 
grees 51'.the whole angle h Þ O is 1 12 degrees43',wholecom. 
plementto 1 80d, gives NP h 67 d. 17'. either of which rel, 
vedinto time, giveth the houre reſpe&ively, viz, 112 d4;".gi 
veth 7 houres 31. fron noone,or 67d. 1 7'.giveth 4h. 10 from 
midnight, when the Sun leaveth the inclining fide, andſtineh | 
Don tne oppoſite fide reclining 20 d. of. Laſtly, every plane te- | 
clining'tothe pole, as KPD doth,iscoincident withiomehoie. 
circle or part, and therefore the Sun in whar paralell ſoever, aſs 
{cthfrom one ſide of that plane to the other , at the fame howe 


_ D, by the [rrond of the fixteemth caſe of R. $, Trianl, 
or 
Logar. 
ei the fineN P $14, 3y,- 989994 
1s to the ſize of PND 90 Oo 10000,00 
So #5 the rangent of ND 6a © 1023856 
 Tothetangemof NPD | 65 *© 41 1 0344.83 
Put »had Gp Z ts alſo equal, ® | . 


Which 65 d. 41'. being converted into time , doth on, 
houres 237, almoſt, reckoned from midnight, when the Sinpa- 
ſeth of: the inclining to the reclining plane , and reckonedfrom 
noone, when he forfaketh the reclining,and ſhineth upon thei» | 
clining fide againe. And thus it continueth till the Northerneam- 
plitude of the Sun be equall to E D 304. the declination of the 
plane, from'thence forth it ſhineth no more upon the incu 
partin the morning , and when the Southerne amplitude wy : 


” 


to: 4 Fotthetimesar f andh, when the Sunne neere Figwinwd wir 


| pee 


M1 
Lex 


- 


3 8 223 £ 
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to W K 304, the declination of theplane, then it 


W 
- 


\ the inclining (ide at the evening alſo, and the reſt of the 
q | xccit onely cnlightneth the reclining (ide of the plane. 


| 


Ns 
he 
1g 
he 
un 
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PROPOSITION /VII, 


Magtitade of the Po le,and declination of the Sun, tegethor with 

jy eclination and reclination of the plane being prven, to find 

' what tive the Sun forſaketh the South inclining ſide, to 

' © - ſhine wpon the North reclining oppoſite thereto, 


— 


4 


awe Hcthree caſes of North recliners are repre- 
_ FEY (cntcd inthis Scheme by the three circles 
NKM L, Kd L,and K © Lzthe firſt Fae ; 


4 


Va FRA; 
lk ſ? 
Wu LSE 11'.andthe third ZQ 54d. of, theexam- 
S9 IAB plcs ofthe 18. 19. and 26, Chapters: bur 
PH S all of them declining upon the ſamebaſe 
Q@ETAST i 2 L, wy" wp pat Cody W 
1 eh a5 the poles of the plane G an eclinefrom the 
_—_— ES of the Mer idian N and S. Now the ereat 
girdes FPr, DP R, and CP O, being drawne,, which fall at 
tight angles upon the planes , together with the houre circles 
?OT,Pbx, andP Az, falling at rightangles upon the Equi- 
nodtiall , you have leverall right angled triangles framed to.de- : : 
/rermine the times required ; Firſt therefore for the planerecli- - 
4ino 54d. o, the hourecircleP OT cutteth the plane in Sata,' 
ins the triangle P ra, whoſe angle at Þ I would know.Pais.: 
thecomplement of the declination 66 d. 29'.and Pr.theheighth 
of theſtile above the plane 54 4.43. (by #he 20 ('hapter )where- . - 
fore by the firſt of the fourteenth caſe of R,S, triangles :. - ..', 


Ls 


— 


| Logay 
itthe one of P ra .; 99d. O;'. 1 0000.00 
btothe cotangent P a, 66 39  9638:65 
$0%; the tangent Pr 54 ©'43 TJOryo.21 
Th the coſine of R Pa 52 '2 9788.86 
Wo? Vnro 
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 'Vntotheanglor Pa 524. ', adde the angle betmeene the Me 
ridians (found by the twentigth Chaves to be 6x d. 47, from 


the North) v5z: NPr, or taker Pa 52 d.z'. out of the anglerP$ - 


I118.d.13'. colintedfrom the ſouth, there remaynes 66.10. 
- forthe angleS Pa, which converted into time, iveth 4 houres 
5 be before noone, when the ſunne ins forſfaketh the inclining 
lide of the plane, and ſhineth upon the reclining fide thereof, 

In thenext caſe,the houre circle Pb X crofſeth the plane inB 
atb,and maketh the triangle P R b, wherein as afore, 1 have tho 


baſe P b 664. : 9. and the fide Þ R: (found by the 18 Chapter) 


42 d, 52\.the heighth of the ſtile above the plane,andin _o_ 
TOO | | 1 placey 


- , 7 


- 
y 
k 

44 . 


, 


| 


_ 


the 
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1.cs. theangle betweene the Meridians NP R 90d, as itis in 


1 declining reclining , which paſſe thorough the interſeRion of 


\; Meridian and EquinoCtiall, wheretore &y the ſecond of the x 4 


1 " eaſerf R, S. triangles. 

\FÞ lathe frrof PRE | 90d: 0; 100be ca 
Ito the cotangent ÞP 6 66 29 "963865 
Sriathe rangent PR 42 52- 9967.63 
Tatht cofoie of 6 P R : das 66 11 X960628 


Qutof the angle x PR'900'. take the angle bP R 66d. 11. 
terewill remayne 2 3 d..497, for the angle z Pb , whichcon- 
vertedinto time , giverh 1 houre 35'. before noone, when the 
kneleavetb the inclining , and fhineth upofiftſeredining fide; 
etheplans Laſtly, the Meridian or houre cixcle P Az cuttetly: 
diningplaneK M LinSat A ;' wheretore-in the triangle: 
POAlhavethe right angle at O,and the baleP Aoppoſiterher- 
to66d, 29448 afore, and thefide P O the berghth of the Nile: 
aboxe the plane (found by the 19 Chapter) 30d:59'. andin the" 
{anie-place the angle x P O berweene the two Meridians 76d, 

19 byhelpe whereof to giverhe ſmall angle z P Azby the ſecond 
the 14. caſe of RS, triangles. For | __ 


4-19 ER inn | Logar, 
drtheſineof POA_ | 2-964; ©, 10000.00. 
Iito-the cdtangent of -P'A * Wo" 29 9638.65 | 
' ewthetangent of PI 30 59 9778.49 
 Tothedfone of vA P O 74 51. 49417.14 


Out of the angle betweene the Meridians z P O 769, 10', 
tletheangle AP O 744. 5 1'.there will remayne the ſinall an- 
gezP A, 14, 19'. which convertedinto time, giveth o.houre 

'5.only before noone, when the ſunne forſakerh the inclining, 


|. Udfhineth upon the reclining ſide of the plane : And theſe be 


Althe varieties, that can happen upon any kind of plane ; many 
ieralss may be made of theſe propoſitions,thoughfor the by: 
 LENC 
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{ent worke they ſerve but toleave the ſuperfiuous hourggoutry 
every Diall. | 


_ — 


- PROPOSITION vVItt: *- 


The'altitude of the Pole , and declination of the Sunnezogtthe 
with the declination, or reclination, or declination andre i. 
' * elinditionof any plane being given; to findin _ © 
. what Country it would be a he« - 
. * rizontall plane, | 


O reſolve this queſtion , there'isonepen 
Ly Tall rule, vx, the Diall being edlalh 
to any declination, or reclination; ord 
clination and reclination given', hea 
gle betweene the: two Meridia of the 
EEFAvplaccand the plane is the longitade, and 
© WI the heighthof the ſtile, or poleabovette - 
— lane; is 'the latitude of that-Connrey, 
_ propoled would be horizonrall : and the decl- 


nation Eaſt or Weſt ſheweth thebearing of the place fromw; 
if the Subſtile happen upon any houre line, then : are che Piabof 
both places the ſame, reckoning the houre of 1 2 ( and thereſtin 
order Lo rom the Meridian of the place, in the one, andfromthe 
Meridian of the plane inthe ocher; if otherwiſe you maycaly 


ppton the horizontall houre lines proper thereunto, by there 
on of the 27 Chapter, 
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PROPOSITION IX, 
The longitude 


and latitude of any place being given, to 
plane in our latitude paralell 
thereto, b 


> N the Diagram adjoyning, let NESW, 


"Z23 be the Horizon at Loxdor, Z the Zenith, 


and pole thereof,E H W the EquinoGiall 
of that latitude, whoſe diſtance from the 
A Zenith is equali to+the elevation of the 

J Pole P above the Horizon; NP ZS the 


WY Meridian of London,8 EZ W theprime 


yertical there;now ſuppole I would frame 
EP | 


| / 
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a plane here,lying 1n the longitude and Hatitude of Hier, 
or any other famous Citie within our! Hemi here, wherey 
to; make a Diall that ſhall ſhew the houres of that patticuly 
Jlace. 7 wy Dd 
Conſidering therefore that the difference of longitude he. 
tweene any two places,isan arch of the Xquator betweene the 
Meridians of the one and the other,ſubdud the longjtudeof Ly. 
den (which in the x 80 page of Maſter rights errour; of Nev. 
gation, is 22 4. o'.Yout of the tongitude of Hiernſalem, which in 
theſame place is 68 d. &', the remainder 45d. o', muſt be ſee 
upon the EquinoQiall from H-to K Eaſterly : and from Þ the 
Poleat Zondoy,a great circle muſt be drayne toK, repreſenting 


the Meridian of Hiernſalem ,, 46d. 05 to the Sonthealt of onr 


Meridian. Againe, eonfideting that the latitude of everyplueeis 
an arch of the Meridian betwixt the Pole and the Horizon, unto 
which the arch betweene-the Zenith and EquinoGiallisequill; 
by thelatitude H A 32 d. and theamplitudeEC 58d, win 
in thetable of amplitudes anſwerable to the declination 32d, 
draw the paralell B A C,(or.ſeeke the center by thefourth Chup- 
ter) thorough I the inter{eion of the parall BA C, andtheMe- 
ridian PIK, draw the ſtreight line or azimuth Z ID, fo haxe 
you anoblique triangleP Z 1, by which to reſolve thisqueſtion, 

orthe angle S Z D will give the declination of the plane,itbeing 
an arch of the Horizon betwixt our Meridian and the Azimuth 
paſſing by the Zenith of the place to the Horizon; and thecom- 
plement of. Z 1, the diſtance betweene the two Zeniths, dot 
give thereciination of the plane, which isan arch of the laid z1- 
muth betwixt our Zenithand thereclining plane , and are th 
to be found. In the oblique triangle P Z I you havethe ſidePZ, 
the complement of thetelcvation of the P 38d. 28'. and the fide 
P Ithe complement of the declination of the paralell 5 8 d.0\.znd 
the angle comprehended by them Z PI, 46d. 0/, the difference 
of longitude berweene London and Hieruſalem , to find rheſide 
Z I, by the ſixth caſe of O,S, Triangles. W herefore firſt let fl 


the perpendicular Z R. Then#y the caſe of 0, S, triangles. 


A; 


wHx= ea tk. 


> 
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| Logar, 
"4; the ine of Z RP: 90 4, o', 10000,00 
#10 the tangent of Z P 38 28 g9900,09 
Co the cofone of R P Z 46 © _ 9841.77 
the tangent of P R 28 54 #9741.86 
ih alenout of the ſide P 1 58 0+ 
Theteremaynes R I 29 6 
Thich againe : | 
89 29 Loga, 
4ttbe rofinenf PR "28 d.54%, 0057.75. Ar.Compl. 
Ito the coſine of Þ Z 38 28 . 9393-74. 
Sou the coſine of RI 29 6 9941.40 
Tothe coſine of Z 1 38 36 79892.90. 
Whoſe complement 5 1 4. 24, is the reclination ſoughtfor. 
Logar, 
Arthe fine of Z 1 38 4, 36', 0204.89, Arith.Comph 
Ir tothe fine of ZP 1 46 0. 9856.93. | 
Southe ſine of PI 58 O. 9928,42 


To the fine of the anglePZlI 77 54 £9990.24. 

The true angle Þ Z I is 1024.6, and the complement there= 
ofto180d.SZ Dis 77 4.54'. the angle of declination which 
welecke for ; but þccaute there is no ſine greater then 90 d. the 
---_ of the obtuſe angle to 1 80 d, 1s produced by the 
Worke, 

Toconclude then, the plane which in our latitude of London, 
Wil lie parall to the longirnde, and latitude of Hiern/alem, muſt 
&line from our Meridian Eaſtwards 77d. 54. and recline 


= " Zenith Northwards 5 1 d. 24', which =_ the thing 


-_— 


Ee 2 


Crap, 
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Cnay, XXXVI: 


' Divers ther Propoſitions of the Spheare in ordinary uſt tab, 
; performed by right ang ed ſphericall trian. 
gles only, . 


a 2N the Scheme adjoyning,let N E S W bethe Hy: 

am” rizon, N P & S the Meridian, E Z W theprime 

= yerticall, © G 5 the tropique of Cancer,B& w 

18 the Equator, c&@ H c& the tropique of Capti- 
| corne,P G R a Meridian or hourecircl | 

the prime verticall in the point G, the Sundeing- 


AZ 


> nn CQononcc ©6Haayunwnyg 


, 
of | x orammy 
- 
- \\ - 8 


—_— at þ 
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-\ the tropique of Cancer, EP W the houre circle of 6 of clock, 
7AB an of the Sunnecroſling that houre circle in the 
point A, the Sunne being in thetropique of Cancer, W D G a 
quaterof the Ecliptique,andQ D Ze a Meridian drawn from the 
Pole to the place of the Sun ſet pon the Horizon in 8, croſling 
the Ediptique in D, and the EquineRtiall at right angles in C. 
| Letthetriangle W CD of the Scheme repreſent the triangle 
vRy of the 1, Caſe of R,S. Triangles, \V D is part of the E- 
cliptique, W C part of the Zquator, and D Cpart of thecircle 
of declination, falling at right angles upon the EquinoQiall in C. 
1 Thegreateſt declination of the Sunne which is the angle at 
W.,andhisdiſtance from the next EquinoGtiall point W D be- 
ing given, to find D C the vp "17 declination of any degree of 
the Ediptique : worke by the firſt varietie of the firſt caſe of RF, 


triangles. 

2 $y theſame data to find W C therightaſcention, worke &y 
the ſecond of the ſecond caſe of R, S. triangles. 

3 By theright aſcention W C, and declination DC, to find 
WDthediſtance of the Sun from the next EquinoRall point, 
worke by the ninth caſe of R,S, triangles, 

Bytheſame dara to find the angle D , which the Meridian 
alef with the Ecliptique,worke by the ſecond of the 16. caſe 
of R,S, Trengles. 

5 Bythe right aſcention W C, and the diſtance of the Sunne 
from the next EquinoQall point W D, to find the angle W the 
preateſt declination, worke by the firſt parietie of the fourteenth 
Caſrof R,S triangles. 

Now theſe five parts may be varied 30 ſeverall wayes, as by 
the 16 caſes appeareth,viz the particular declination five wayes. 
more,by the firſt varieties of the firſt ix caſer,and the right aſcen- 
tion five wayes more by the ſecond varieties of the ſame ſix caſes, 
andthe place of the Sun five wayes more, by the ſeventh, eighth, 
unth, and tenth caſes, and the angle of the Meridian , and he E- 
cliptique five wayes more , by the ſecond varieties of the fxe laſt 
caſez, and the greateſt declination five wayes more, by the firſt 
Varieties, of the laſt fix caſes of RS. triangles, 


E 3 As 


—_— 
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Againelet the triangle W CC of the ſcheme repreſen a, 
WhngleY R& of the firſt caſe of RS triangles. CW & ay be 
the Eaſt or Welt point; "wherethe £quator and Horizon ine, 
Ieft each other,\V cC part of the Horizon fronithar pojierghy 
"placeof Suns riſe or.Suns ſer, &C part of the Meridian rat, 
by theplaceof the Sunne, and falling upon the Aquator atrial 
anslesin C, andthis triangle is properly framed under the &x. 
rizon, asis E T &, by continuing the #-quator to the Meridian 
(likethe example of the fixt Chapter)but would be equalleo thi 
being oppoſite thereto, which thereforeT retaine, 

6 The complement of the hetghth of the Pole, which isthe - 
angleat W, and the declination of the Sun, whichis C /hei 
givento find the difference aſcentionall W C, equalltoF T, 
worke by the ſecondof the fourth caſe of R, S, Triangles, This 
difterence aſcentionall added to 90d. in North ſignes, and{nb- 
ducted in South fignes, giveth the ; diurnall arch indegrees nd 
minutes, which may be converted into time for the length of 
day and night time of Sans riſe and Suns ſet. his 


i, 7 Bytheſamedarato find the amplitude W <&,equalltoEs, 
worke by the firſt of the eighth caſe of R.S. triangles; | © 

' $ By the amplitude W c©, and the difference alcentional 
W C, to find the declination C 78, worke by the frft of thethid 
caſe of RS. triangles, 6% | FEI 
* 9 Bytheamplitudeof W c&,and the declination C@to find 
the angle W , which is the complement of the heighthot the 
Pole, worke by the firſt of the 15. caſe of R.S, triangles, 

\ 10 By the declination C 7%, and complement of the pole 
heighth the angle W, to find the angle at, which the circeot 
declination makes with the Horizon, worke by the ſecandef th 
11 caſe of R.S, triangles.” ' © 78. 7: Ong | 
' Now theſe fiveparts of this triangle may be allo varied zole- 
verall wayes, by the ſame 16 caſes as the former were, viz,tie 
difference aſcentionall thay befound five wayes more, by thelt- 
cond varicties of thi firſt ſix caſes, and the amplitude five ways 
more, by rhe ſeventh, eighth, ninth, and ten caſes , and thede- 
clination 5 wayes more, by the firſt varieties, of thefiſt FS 
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Mithe com lement of the Poles heighth five wayes more , by 
«ff varieties of the taſhſixe caſes, and the angle of the Meridi- 


Lind Horizon fve wayes more, by the ſecond varieties of the 

if6 taſes of R.S. miangee 8. 
-njetthetriangle G R E ofthe {chem repreſent thetriangle 

vof the firſt cale of R.S, triangles,G ER may bethe Eaſt or 


y 


| weſtpoint, where the quator, Horizon and firſt and verticall 


eachother, G E part of the prime yerticall, and G R part 
FheMeridian, or houre circle, paſſing by the place of the Sun 
in$upon the prime vertical at G, andfalling at right angles up- 


| ache EquatorinR, 


11 The elevation of the pole, which is the angleat E, and the 
kdination of the Sun G R being given, to find G E the heighth 
dthe Sun upon the prime verricall , worke by the ſecond of the 
opt caſe of R.S, triangles, 
© 12 Bytheſamedare to find R E thehoure of the Suns com- 

ning,to the firſt vertica!l, worke by the firſt of the fourth caſe of 

Re. | | 

13 vl e angle at E.the beighth of the Pole,and thefide G E, 
&eheighth of the Sun upon the prime verticall, to find the de- 
dination G R.worke by the ſecond of the eleventh caſe of R,S 

angles, - 

14 By thehonre of the Sun RE, and the declination GR, to 
fad theangle at E, which is the heighth of the Pole , worke &3 
the ſecond of the 16 caſe of R.S. triangles. | | 

15 By the heighth of the Sun upon the prime verticall G E, 
ndthe declination G R,to find the angle at G , which the Me- 
idﬀzn makes with the prime verticall , worke 6 the firſt of the 
ſarteenth caſoof R.S. T riaugles, JO 

Now theſe five parts of this triangle may. be varicd thirty ſe- 
all wayes, as the former were, by the aforeſaid 16 caſes, viz. 
teteighth of the Sunnc upon the firſt verticall five wayes more 

I)the ſeventh,esghth, ninth, and tenth caſes, the houre of the Sun 

Omming to the prime verticall five wayes more by the firſt va- 

"ties of the firſt ix caſes,the declination five waycs more by the 

ſeeond vartetes of the ſame ſix caſes, theheighth of the Pole five 

Vajes more by the ſecond warietics of the laſt ſix caſes, and the 

0 Ee 4 angle 
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angle of the Meridian, and the firſt verticall five wayes majp h 
the firſt varieties of the ſame ſix caſes of R.S, triangles, 

| Againe, letthetriangle A B E ofthe Scheme repreſentthes; 
angle Y Rv, of thefirſt caſe of R,S, triangles, andletthe 

at E be che Eaſt point as afore, A E part of the houre cire] 


and A B part of the azimuth croſſing the place of the Sunne in 


Sat A upon thefaid houre circle, 


16 Theangle Erheheighthof the pole, and AE thededing. | 
the Sun 


tion of the 3un being given , to find A B the heighth of the Sr 
upon the houre circle of 6, worke by the ſecond of the frfleaſeof 
R.S. triangles, | 

17 By the ſame data, to find E B the azimuth of the Sunne xe 
the ſame time, worke by the firſt of the ſecond caſe of R,S$, tri. 
angles. "as 

| f By the heighth of the Sun AB, and the azimuth EB, tg 

find the declination A E : worke by the ninth caſe of R.S,th- 
angles. + wn 

19 By the azimuth E B,and the declination E A, to findthe 
angle E, the heighth of the Pole : worke by the ſecondof the 14 
caſe of R, S, triangles. | 

20 By theangle E,the heighth of the pole, & AB thehei 
ofthe Sunneupon the houre circleof 6 , to find the angleotthe 
Suns poſition at A, worke by the firſt of the 11 caſe of RS.m- 
angles, 

. And theſe five parts of this triangle may bealſo varied zole- 
verall wayes by the 16 Caſes aforeſaid , as all other rightangled 
triangles may be, ſo that the heighth of the Sunne upon thehoure 
' Circle of 6 may be found five waycs more by the ſecond varieties 

. of the firſt ix caſes, the azimuth of the Sun five wayes by the fr 
varieties of the ſame ſix caſes, the declination five wayes morehy 
the ſeventh,eight, ninth, and tenth caſes, the heighth of the Pol 
hve wayes more Y, the ſecend varieties of the laſt ſix caſes , and 


the Suns poſition five wayes more,by the firſt varities of the ſane 


fx caſes of RS, triangles, : 
21 Now if you ſuppoſe Z ABtobea decliningplane,and croſle 
itatright angles with the Meridian Þ K,you have theright angie 


ET TY NT EE-="L -1-» Ai 
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triangle Z KP, wherein the particulars defired of all declining | 


BE FRUMRMgqg. Tt, ys 
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Fjane., Z K the diſtance of the fubſtile from the Meridian, 


7p Lhrangle berweene the two Meridians, Þ ZK the com- 
of the 


oaine, only I thought fir toremeinber , that theſe fivepartsof 
Evangle may by the 16 Caſes aforeſgid be varied 30 Fveratt 

(o that one may abundantly fatisfie himſelfe 1n all theſe 
concluſions by divers operations, and therfore the moreconfi- 
dently reſt upon his owne worke, producing the ſametruthfrom 
ſererall dats, 

22 Againe by the ſame triangle P K Z , you may calculate the 
bourearches of the former table, for if you ſappoſe PK tobe an 
houre circle, and Z B the azimuth croſſing itat right angles in K, 
the ideP K, being found by the Canon annexed to the table, 
ſhallgive the arch of the table deſired , and by the 16 cafes you 
may find all the other parts in that triangle if you thinke good. 

23 Likewiſe having found by the ſtxt propoſition the diffe- 
renceaſeentionall ET, or W C, if you ſubtra& it our of the 
right aſcention of any degree of the Ecliptique in Northerne 
ſignes, you have the oblique aſcentton thereof,and addeit there- 
to, you haye the oblique deſcention thereef,contrary,if you adde 
it tothe right aſcention of any Southerne ſigne,you have the ob- 
lique aſcention thereof, and by ſubtraQipg it, the oblique de- 
(cention of the ſame place, 

' 24 Theheighth of the Pole, and greateſt declination being gi- 
ven,/to find what arch of the Zodiaque never riſethor ſetteth in 
thatlatitude, and conſequently the longeſt day or night of that 


paralell, and contrary. 


. When the elevation of the Pole is lefſe then 654, 29'. the 
complement of the greateſt declination,all the parts of the Eclip- 


tique doe both riſe and ſet ;-when juſt ſo much & and 7p cutthe 


on, when it is more part of the Ecliptique is alwaycs above, 
adpart alwayes under the Horizon ; ſuppole 72 be the latitude 
ſeere the North Cape of Finmar ke going to Rxfſia, the comple- = 

ment thereof is 1 $ degrees the declination of that paralell , that 
never 
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neuer ſetteth in that latitnde', the greateſt declination beinggs | 
of 


caſe of R.$_triahgles.to belotig to 20 d.a45 ' of &,or m but. g Fo | 


ven, this particular declination may be found by: the x 


\ of Nand:3are nparalelliſme with them , therefore the arch 
. the Ecliptique from-20d. 45" of & to 9 degrees 15';ot &, is a. 


wayesabove-that Horizon, and continuall day from aboutthe | 


firſt of 2Zay, tothe 23 of 1uly following , the contrary part 
> mm is continuall night , and of the Ecliptique never ri. 
ieW. '; 75 tu 2t | | | 

25. Thearchofany degreeof the Ecliptique,from thenext E. 
quinoRiall point,and the right aſcention thereofbeing givento- 
gether, to find what each of them are ſeverally , ſuppoſe that 
agoregate be 57 degrees 5 4. for ſolution of this queſtion, the 
greateſt difference betweene.the arch of the Ecliprique and his 
right aſcention muſt be Knowne ; which you may eithercalo- 
late,or find by any Table of right aſcentions to be about the mide 
dle of & or m. 2 degrees 29'.then by the firſt of the firſt caſe rf R.S, 
triangles, you ſhallfind the fourth proportionall tobe 2 degrees 
6'. which ſubtrated from 5 7 degrees 5 4'. leaveth the doubleof 
the right aſcention, and-added tothe right aſcention 27 d.54'gi- 
veth thearch of the Ecliptique 11:30 d. 

26: The Meridionall altitude, and declination of any knowne 
ſarrethat never ſetteth being given, to find the heighth of the 


Pole; let the Meridionall altitude of ſuch a ſtarrebe NT, or NM, 


and the declination thereof A M , therefore the complement 
M P,or P 1, to the leaſt heighth N I adde the complement ofthe 
declination I P, or fromthe greateſt heighth N M (ubtra& the 
complement P M, ſo have you Þ N, the heigth of the pole, tode 
corre&ed by refra&tions if there be cauſe. | 

27 The right aſcention and declination of two Kknowne 
ſtars being given, whereof the one inthe Horizon, the otherin 
the Meridian , to find the heighth of rhe Pole without inſtru- 
ment. In the triangle P N Lright angled at N, the difference of 
theright aſcentions of the ſtars in I and L 1s the angle NP Land 


the complement of the declination of the ſtarreat Ln the Ho- * 
rizon istheſideP L: wherefore by the ſecond of the (econd 4 


TDN 28 
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$23: + Hall you may find tlie ſide P N,'the heighth of the 
deſired. 0s * ak) 

, Price arethe propoſitions of the like kind, that might be ad- 

' ge& which I leave the ingeniousReader in' imitation of theſero 

fnd out of himſelfe; leaſt varietie of concluſions , which have no 

bounds, ſhonld ſwell this Booke'into a boundleſſe Volume, 


4 T able of Amphi 
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tudes, for the Suns riſing or ſetting Inch ig. | 
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11124 $422 37 21 
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48129 26133 39 12 
4/29 $5423 39 20 
20[30 22 (23 39 1 
39139 49/23 39 33 
.Fo[3r 16123 39 39 
5[31 n 23 1 
19132 2 39 
33132 33/23. 39 5! 
47\32 58123 39 4 
O [33 23 39 
23 39 94 
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AT able for the Paralels proper to the latitude of 51 d. 32, 


<_ 
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Declina: 


"rs 
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| calculated , for every fift day of the 
the Meridian of London, by our air ; fora 


and Mathengi. 


—m— 


Tanuary. 
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1623; aceor ding the place of 'the Sunne, correlted and reftified for 
ian of worthy memory after Edward-Wright: « | | 
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| Zongrh | 
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| 2,93196,61147| 


2:93247, 37647 
2,93298,08219 
2,93348,72878 
2,93399,31638 
293449, $4512 


2,93550,726F8 
2,93601,07957 


2;93701,61075 


2,93751;78920 
2,93801,90975 


hl29385 I,97252 


2,93901,97764 
993951 392526 


— [30,47003 
2,93500,3If1F5| — 


ſ1,18379 
FI;I2355 
$1,06344 


f1;00347 | 


$0,94364| 
| 50,88395 
fo,82440 
[$0g76500|| 


JO,70F72 
50,64659 


y0,58760 | 


fo,g2874 


50,4143 
jJ0,35299 
$0,29468 


F0,236F0 


$0,06277| 
ſo,ocs r2] 
495947652 | =| 
49,59224] 


Ou —— _———— 


—|$0,17845|| 
yo,12055|/ 


| 


$94 


896 
897 


Yoo 


2,94001,81550 
2,94051,64849 
2,94101,42437 
2,94151,14326 
2,94200,80530 


2,94250,41062 
2,94299495934 


2,94349,45159 
2,94398,88751 
2,94448,26722 


2,94497,59084 


2,94546, 8581 
2,94596,07036 


2,94645,22650| 
2,94594, 3 32707 


2,94743,37219 


2,94792,36198 
2,94841,29658} 


2,94890,176Ic 


2,9493 g,00066|* 


2,94987,77040 


2,95036;48544 


2,95085,14589 


2,95133,75188 


2,95 182 
91212232 48,49744 


2,95230,80097| 


2,95 279924430 


(2,95 327,03367 
$99 


2,95 375 96917 


2393424175994 


.|Logarithini] Differ 


49;3$3299 


49;77588 | 


4971889 
49366204 


— [49,0053Z2 


me mm 


49,5487 

49;49225 
49,43592 
49437971 
49,32362 


—— 


49,26767 
4921185 


49,15614| 


[49,1005 4 
49,04FT2 
II C—_— — —— 


48,98979 
48,93460 
48, $7952 

48,82456 
48,76974 
48,715 04 
48,6604F 
48,60599 
48,55167 


48,44333 
43,33937 
48,335F0O 


48,228 16 


—_— 


” 


: $01 


OOENT | 


—_—_— 


ty 


900 


N: 


Logarithmi 


goI1 
902 
903 
904 
IS 
go6 
907 
go8 
909 
910 


'91 112 
2,95999,48383 
,96047,07775 
2,96094,61957 
2,96142;10941 


2,96189,54737 
2,99236,93357 
2,96284,26812 
2,96331,5FII4 
2,96378,78273 


912 


9132 
914 


p15 
916 
917 
918 


919 
920 


921 
922 


923! 


| —=4 
928 


1] — —— — 


2,95 472,47 910 
2.95 520,05375 
2,95 568,77503 
2,95616, 84305 
2,95654,35792 


2,95712,01977 
2,95760,72871 
2,95808,58485 
2,95$56,38832 
2,95 904,13923 


Differ. | 


— ———— - —— 


48,17465 


48,12128, 


48,06802 
48,01487 
47,96185 
47,90894 
47,85614 
47,90347 
47,73J09Tk 
47,69347 


[47,64613 


47,59392 
47 94182 
47,489 84 
47,43796 
47,38620 


47,33455 
47,28302 


47,23159! 

| — 47,18029 
2,96425,96302| 
2,95473,09211 
2,96520,17010 
9242,95567 319712 
H3F (2295614) 17327 
26 2,96661,09867 

96707 7397341 
2,95754,79762 
929,2,96801,57140'! 
93c ith, 29485 


47,12909 
47,97799 


4730470Þ 
46,976 If 


45,92540 
46,87474 
46,82421 
46,77378 
46,72345 


46,67324'|. 


N. 
| 931]2 


930 


et 


932 
933 
934 
935 


Logarithmi | Dif Vie 


,96894,96810! — 


2,96941, 5912466 Is 
2,96988, 16437 1730 


2,97034,68762, OM 


2,97081, I6Iog: 


945 


eh 


936|2 
937 
938 
939 
- BED! 


941 
942 
943 
944 


945 
947 
94d 
949 
95o 


9fl 
95212 
953 


9 Se. 
9,5 


956 
957 
958(2 


97157 000 66 


2,97173 »93 909. 
2,97220,28384 


2,97266,55923) 4a 1 


2,97312,78536) 


2,97405,0g028 [75 


2,97451,16927\* - Jy 


2,97497,19943| 


—_— 


2,97909,29006 
2,97954,03747 
2,98000, 33716 


2,97543,186085\99 
— 9 


2,97589,11364|— 
2,97634,99790 | 


2,97680,03373 
2,97726,62124 
2,97772,36 fl; 
2,97818, Bb 
2,97863,69484/"” 


2,98045,78923 
2,98091,19378 


939 


2,98181,86072 
960. 2,98227,12330 


2,98136,55091 


— 46,1 by 
2,97358,96234\— 


999 


2,98272,3 3877 
2,98317,50720 
2,98362,62871 
2,90407,70339 
2,9845 2,73133 
2:98497;71264. 
2,98 542,64741 
2,98587,53573 
2,98632,37771 
2,90677,17 343 
2,98721,92299 
2;98766,62649 
2,98811,28403 
[2;98855,89559 


2,98944,98177 
2,98989,45637 
2,99933,88548 
2,99078,26918 
2,99122,6075 7 


2,99166,90074. 
2,99211,14.$78 
2,99255,35178 
2,99299,50984 
Ba. 2,99343, 6230F 


2;99387;69149 
12:99431,71527 
2.99475 569446 
2,99519,62916 
19912,99563,51946 


———_... 


2;98900,45157) 


4438370 
44;33839|| 


\.|Logar ithmi Ti | Differ. 


45;1684; 
45,12151|| 


145,97468|| 
4) 292794; 


44,98131 


4493477 
44358532 


4484198, | 


4479572 


44,74956| 
4470350 


4465754 
4461166 
44356588 
44;52020 
44,47460 
4442911 


44,29317| 


44,24504 |: 


44,203Cco | 
44,15806|| 
(44,1T1321 


——| 44. ,060 04.4. | 


—  _—_— — 


4.4,92378 
4397919 


4393470 
43,5903c | 


43 »04599} 


EZ 

994 
| 992 
[| 993 


|| 994 


__— — 


o96\2 


i 


IOO2 
_ 
Iood. 
Ioo5 


Io006 
IcO7 
Ioo8 
T0099 
|Xo0ToO 


— 


'IOILT 
Io12 
| TOI3 
| I© 14. 
| LOIF 


- — — ———_— 


1017! 


'TOIG' 


Logari thmi 


2,99607 ,36541 * 
2,096F1,16722 
299094992485 
2,99733,63844 
2,99782,3c807 


———_—_— 


2,99825,93384 
2,99869,51583 
2,99913,05413 
2,99956,54882 


3,00000,00000 


3,00043,40775 


3,00086,77215 
2,90130,09330 
3,00173,37128 
3,002I6,60618 


3,00259,79807|* 
3,00302,94.706 
3300346,053Z21 
2,00389,11662 
3,00432,13738 
3,00475,11556 
3,vofI8,col2y 
3,00560,94454 


3,00603,79550 
3, ,0064.5, 60422 


3,006%9, 370 79! 
|3,00732,09J29 


onto 
(p3s: 


1020|3,06 


2,00774 377790 
3,00817,41840 
3,00d60 01718 


Difl CIs 
43,80177 
4347576J 
423,71 359 
43,56963 
43,02577 


42,55199! 
4353830 
43,49469 
43,45118 
4349775 


43,36440 
43,32115} 
43,27798 
43,23490 


43;1489g 
43,Tc61F 
4359634t| 
43492076 
42,97818 


wy 93569 
42,89329]- 
4285096 
42, $0872] 
221 2,76657 
42,72450 
42,682F1 
42,64060, 
42,59878 | 


\42;55703] 


ed 


4 


ht 


S 


tozL 


aw 


1020 


To0F0 


Logarithmi|Differ. | 


IOZI 


Io23 


Io24 
Io2F 


19026 
L027 
1028 
Io29 
I03JO 


Io31 
I032 
1033 
1934 
L035 


3,00902, $7421" 
1022[3,00945,08958 
3,00987,56337 
3,01029,99566 
3,01072,38654 


3,01114,73608 


3,01157,04436 
3,01199,3 I 147 


3,01241,53748 
3,01283,72247 


3,01325,86653 
3,01367,95973 
3,01410,03215 
3,01452,05388 
3,01494,03498 


L936 
1037 


L038 


L039 
104.5 


L041 
L042 
1943 
1044 
1045 


1046 


[1047 
1048 


{I0FO 


1049) 


3,01535,97554 
3,01577,87564 
3,01619,7353F5 
3,01661,55476 
3,01703,3 3393 


3,01745,07295 
3,01786,77190 
3,01828,43084 
3,01870,04987 
3,01911,62904 


" 


3,01953,16845 
3,01994,66817 
3,02036,12826 


| 3,02077,54882 


—— ———— —_ 


42,351537 
42,47379 
42,43229 


42,34954 


—— — 


|= 


rofl 
IoF2 
Iof3 
1054 
IOF5 
Io56 
1057 
Io58 


IOF9 
Io60 


— 


LoGI 
Io062 
I063 
L064 
Io6yf 
I066 
1067 
xo68 
Lo6y 
I070 


— 


42,39988 


42,30828 
42,26711 
42,22601 
42,18499 
42,14406 
4210320 
42,06242 
42,02173 
41,98110 
41,94056 
41,99010 
41,85971. 
41,8194] 
41,77917 
41,7399% 
41,69895 
41,65394 
41,61903 
41,57917 
41,5394! 


41,4997% 
41,46009 


Lo71 


I073 


1972 


1074 
L075 


O—_—— ——— 


1076 


L077 
1078 


Logarithmi| Differ, 
3,02160,27166 ms 
3,02201,57398 41,3023] 
3,02242,83712 4126314 
3,02284,0610g 
3,02325,24596 


LD OO— 


3,02366,39182 
3,02407,49873 
3,92448,56677 
3,02489,59601 
3,025 30,8653 
3,02571,53839 
3,02612,45167 


3,02653,32645 
3,02694,16280 


3,927 34,9607b 


3,02775,72047 
3,02816,44194 
3,02857,12527 
3,02897,7705 g 
3,02938,37777 


3,92978,947%" x 
3,03019,47854| ,, 1nd 
40,493 
3,03JO $9,97220 
3,03100,42814 
3,03 140, 84643 
3,03181,22713 4o, 
3,03221,57933| ,, ror 


41,14586 


41,lo6g1 
41,068og 


41,42056| 
41,38109 


bo 


3,02118,92991 


| —_—_— 


41,341691| 


—_— 


1079 


3,03261,87609 40,26hj 


—S— 


—_— 


3,93 302,14447 40,231) | 
ro80|3,93342,3799|4o,ng3h 


1061 


ro$0 ; IR % IITo Wn | 
Ivy 'N. [Logarithmi | Ditter. || N.|Logarithmi | Ditter, 
_ 1081 1,03382, 556940 40 15668 III 3,04571,40589 
233 2,72608|* * II12 610,478 39,07283 
ml | | pong6a tapas 72 5E99B | cxnp roqdggyr10gg [923777 
397 wy $,03502,92822 Oro II14 3,04688,51908 39,00265 
7 ob $,03542,97382 42,04560 IIIF 1.04727 48674 38,96766| 
1 |= $2,098; joel 1116 | 7 wp aus 
— 1086|3,03552,902F3Z [1116[3,04766,41946| 
39,97188| 38,89785 
gl I [[I1 , 
A 9390 [ee er haps 3686305 
als 2-02 o8208 39299044 | eth3 Hg 38,82829 
14 1089|3,03702,7879 39,86181 IIIg 3,04883,00865 38,79362 
Y I090[3,03742,64979 3982527 I120|3,04921, 00227 18,7 bod 
- 109113,03782,47506 I121|3,04960, 56127 , 
2d l092 1 .03822,26384 39,7878 1122|3,04999,2856g 33,72443 
8 | |1093[3,03862,01619 39373 3) \11123/3,05037,97563 35,60994 
35 log4|3,03901,73220 {4662497 I124|3,05076,63112 38,65549 
gl 1095 J0JoAT ALL 2 39467972 I125|[3,05115 25224) 39,6212 
"|= rp = [39.64349; re ———— 
— 3,03991,0554I|_. | {L126|3,05153,0390F5 
097 3.04020,66276 39,0735 1127|3,05192,39160 36,5525F 
logs[3,04060,23401T PF TTE5 1128|3,05230,90996 38,51836 
Iogg 3 04099 76924 39,53523 [129 3 05269 39419 38,48423 
Ito0! 7 39,49928|' : '2 38,45016 
019913:04739,26852) 1 0.463381 | 2321322539724435 [1g 41614. 
Nat|3,04178,73190| 5 [1131|3,05346,26049| 
| [1102 3,04218,15945 39,4275F 1132 3,05384,54269 23.38220 
163|3,04257,55124 3939 79 [12331 3,05422,99099| 35234539 
neq[3,04296,90734| 223732 [[ 1134 3,05461, $0546 39727447 
Ilog 3,04336.22780 39,3204.6 I135 305499, 5861513523069 
lxros 3,043 — 39,28490 So 7 38,24699 
104373,5 1270 1136]3,05537,03314].0 , 
1107 3,94414,76209| 73" #539 I137|3,95576,04647 ab 
Ltob 3,0445 3497604) 7, ab x138 3,096T4422621 [2p 1920 
thog!3,04493,15461; 2? * 7 [11139] 3,05652,37241 ” 644 P 
Io 3,04532 29788| 2925437 [3x4 3,05690,48513 he P73 
S002 29.tofox[} 340? 9007 91 guo7ua 
NE M1. | 214k 


| 


—— 


[rare 


[3162 


= 


4 


T170 


[2141 
[1142 
143 
$7744 
[1145 


[1145 


11147 
kava 


IIfo 


—— 


JILSI 
IIF2 
1T1F3 


It55; 


11157 
3158 
11159 
{I160| 


[x361 


I163 
I164 
TI6y 


Py 


1166 
I167 


[7154 |3,06220, $088 


N.|Logarithmi 


'3,95728,56444 
3,05766,61039| 
3,05$04,62304; 
3,95342,60245 
3,05880,54867 


(305953, 46 176 
($:05950; 34179 
3,95 994, 18891 
3,06032,00287 
3,06069,78404. 
3,096107,53236 
3,06145,24791 
3,06182,93073 


3,06258, 19842 


3,06295,78341 
3,06333,33590 
3,0637c,85594 
3,06408,34360 
3,06445,79892 


3,26520,61281 


3,06595,29803 
3,06632,#9254 
3,06669,85504 
3,06707,08550 


1168; 


116g; 
F170, 


TIED — 


3606744, 28428 


Prey 


,38,04595 


([28.01265 
| 37,97941 


37,94622 
37491309 
37,88003 
37,4702 


37,81406] 


37,78117 


3774532] 


37471555 
37,68282 


37,65oIy 


37,58499 
37,55249 


3,0648$3,22197 G 


3,06557,97147 | 


37,5 2004 
37,45766 
37,45532 
5742305 
37,390 84 


37,294F1 
37,2620 
37,23056 
37,19868 


3,05781,45112 
5,016 


37,16684. 
37,3505 


37,61754 


37,32656|| 


N. 


I171 
II72 
IT73 
I174 
II75 


> — — 


I176 
1177 
[IT78 
IT79 
I180 


Logarithmi 
3,06855,68951 
3,06892,76117 
3,06929, 80121 
3,06966, 80969 
3,07003,78666 


— 


3,07040,73217 


3,07I51,3801 
3,07188 ,20073 


1181 
I182 
I183 


[1184 


I185 


3,07224;98976 
3,97261,74765 


3,07298,47446 5 


3497335,17024 
3,97371,83503 


I186 
1187 
1188 
Ii%g 
IIgo 


— 


3,07408,46890 
3,07445,07190 
3,07481,64406 
3,07518,18546 
3,97 554,09614 


I1g1 
II92 
I193 
T194 


_ — 


1196 


7s r0334 


+097 
198 


F199 


[3,07591,17615 
3,97627,62554|! 
3,07664,04437|; 


L195 | 


3,9770044.3268 
3,07736,790F3 


3,97773,11797 
3,07609,41504 
3,07845,68181 


1200 |3,07918,12460} 


3,07881,91831 


| Diffe, 


3,07077,64628 
3,07114,52905|* 


EE eee 
37,0716 
37,0 


36,2667 


— 


Nov 


1230 


[201 34,0795 4,39974. - 
1202] 3,07990,44577 
1203] 3,08026,96273 
1204 3,03062,64869 
1205|3,08098,7045g 
1206| 3,08134,73078 
(120713,08170,72701 
11208|3,08206,69343 
1209] 3,08242,63009 
1210[3,08278,53703 


— 


1212|3,08350,26198 
1213|3,08386,08009 
1214 3,08421,86867 


215 3,08457,62779 


Lm— 


116/3,08493,35749 
1217]3,08529,05782 
1218|3,08564,72883 
1219|3,08500, 37056 
1220[3,08635,98307 


— 


1221|3,08671,56639 
1222 3,08707,1205 9 
1223|3,08742,64570 
1224|3,08778,14178 
wg 3,08813,60887 


1227|3,03884,4.5627 
1228|3,08919,83668 


I229 3,obgj5,18829 
1230 | 


ee ge inn 


1211/3,08314,41431 


1226 3,08849,04702|" | 


3,98990,51114. 


N. [Logarithmi, Differ. 


35,14603 
36,11596|| 


36,05600 
36,02609 
3 $,99623 


35,9664 
35,93566 


35,87728 


35,04767 
35,81SI1 
35, 78858 
35,75912 
35,72970 


35,70033 
ZF,67I01 
35,64173 
35,612Fl 


—|35,58332 


35, 55420 
35, F2FTT} 
35, 49608} 
35, 46709 


36,08596| | 


35,99694| 


N. 


[1233 
1234. 
1235 
1236 
1237 
1238 


1239 
1240 


1241 
1242 


1243 


| | 1244 


1245 
1246 
1247 
1248 
1249 
I2Fo 


35, 38041 
ZF,ZFI61 


35,32285| 
35,2941f 


I2F1 
[1252 
([I253 


1231[3,09025,80529 
1232] 


| I1254|3,09829,75365 


I255|3,0 $54,37250 
35, 43815 || [22 


35, 40925 


I260 ed oe 


Logarithmi 


3,09061,07078 
3,09096,30766 


3,09131,F159g7 Þ 


3,29 166,69576 


Difter. | 


| 
35,26549 
35,23688* 
3Z5,20831 | 


33,17979 
SY,IF1 "EY 


3,09201,84708 
3,09236,96996 
3,09272,06447 
3,09307,12064 
32993423 16852 


3,09377,17815 
3,09412,159F6 
3,09447,11236 
3,09482,03504 
3,095 I6,93514 


35,12288| 
35,09451| 
SFO FOLF) 
33,047 $8 
Z5,c0963 


34,95143 
34,95328 
34,92518 
3489710! 


— 34,8699! 


3,995 51,8042312 


3,09586,64535 
3,09621,45853 
3,996 j6,24394 


399725 ,73997 
3,09760,43289 
3,09795,107IC 


1256 3,09898,96394|— 
1257}3,09933,52777 
1258| 3,09968,004T1 
|1259{3;10002,57301 


3,9969 L_OOTgS | 6 


| 34,6742T 


34,8412: 
34,81318 
34,78531 
34,75746 


3472997) 
34,70192. 


$4,646 FF 
3461893] 
34,597 394 36; 
34,56 $6383 
34,536 34! 
34,50890 
34,431 50; 


34,454 15 


— 


—_— — 


"KB 4 


2261 


$260 % 1290 
Ne DINE Ditfer. | N. Logarithmr Dep L 
$1261 310071, Fo866 —— cor wa, 
1262/3, tolog,gz54g [3442683 | 3+11092,62423|——| | | 
| 2 | I292 3,TII26,257 33,02 
I263 3,10140,33506 34, 39957 1293 . 37 33.Gor k 
1264[3,10174,70739|34937233|| 3+ TI1f9,85249 _ | 
126F 3,T0209,05255 34,34516|| 24 3, TIT93,42763 "IN I 
M206 TIETt = [34,31802 [| 295 [34 11226, 97684/3%lga1 | | 
$2663, 10243,37997] —=[|1206\3. 17285 oral | | 
(1267 |3,10277,66149| 429992 I2 3,212 hn} il | 
1298 3, T03I1,g2g 35544203 4 _ _ ag 347169] | | 
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4A0FI 
40F2 
4053 
4054 
4955 


4056 
4057 
4058} 
4259 
4060 


3,60756,22432] 


3,50766,94367 
3,60777,66037| 
3,60788, 37444 
3,60799,o8585 
3,60809, 79463 
3,60820, y0077 
3,60831,20427 
3.608 ' 
Iz 41,9051} 

3,60852,60336 


4061 
4062 
4063 
4064 
4065 


[3,60906,05499] ' 


3,60863,298gx|- 


3,60873,99191 j | 
3,60884,68223| '*'" 


I 
3,60899,36993|,. 


4066" 
4067 
4068 
4069 


—— 


4071 
4072 
4973 
4974 


(3,60938, 09443 
3,60948,76899 
4070 | 


3,60916,73743] 
2 ,60927,41724 


32,6095 9,44992 
3,60970, 11024 
3,60980,77693 
3,60991,44101 
3,61002, 10247 
3,61012,76131 


4976 
4077 
4078 


4079 
4080 


3,61023,41753|/ 
3,61034,07115 
3,61044,72214. 
3,61055,37053 
3,61066,010311,6gn 


mn 


40 $034 3,60745, Fo232 


« Ws 


4Ilo 


Logarithmi 

T2 
$1 13,61076, 65945 
| $,61007,3000 
2,51097,937 799 


$413,61108,57334| 
\ z,$1119,20609 


! 4,51129,83523 
135114946377 
$113,61151,08071 
odg13,61161,71106 
0c 3,61172,33080 


wgt}3,$1132,94795 
g2/3,61193,#6250 
F 3,61204, 17445 
9d[3,612.14,78383 
vf(3,61225,39061 


$13,91235,99480 


#4 | 
Hs $,61246, $9640 Io,59901 


og813,61297, 19541 
9913,61267,79183 
3,61278,38567 


3,61288,97693 
02/3,61299,56560 
3,61310,15170 
[3,01320,73521 
$9513 3,61331,31615 


61347, 89450 
3,61352,47029 
$13,61363,04349 
3,61 373,6 I4I3 
#11013,61384,18219 


RE 


i” COSI" 


10,59642 


Differ. 


[0,64056 
10,93795 
10,53535 
10,63275 
10,63014 


10,52494 
I0,62235 
L[0,51974. 
L0,SI7IF 


Io,6 1455 
Io,6I1196 
Lo,60937 
Io,60678 
I0,60419 


I10,60160 


[0,993094 
[0,599126 


L0,58867, 


Lo,FS3F1 
r0,58094. 


—þ1o,57835, 


I9,57579 
I0,57320 
[0,57064 
[0,596806} 


T10,56549' 


N. 


4111 


\4LI2 


4113 


4114 


415}; 


4120 
Seve 
4122 
4123 
4124 


l4.c25 


— 


4126 
4127 


4128! 


4129 
4130 


a _ -- 


'4I106 
'I0,62 } 


4118 
411913 


Logarithmi 


3,6 [ 394.,74768 
3,614953 to060 
3,61415,87095 
3,01426,42874 

,61436,95395 


—_ _——— —— — 
— —__—w_—_ 


3,61447,53661|” 
3,51458,08670 
3,51458,63423 


| 
3,614$9,72160 


3,61500,26145 
3,61510,79574 
3,6p521,33348 
3,GIF3I $6566 
3,61542, 39529 


3,61552,92236 
3,61363,44689 
3,61573,96886 
3,61584,48829 
3,6 I 59f,00f17 


4131 


1 
$610! [#03* 
L0,5 wy 4133 
14134 
475513 


- 14136 


4137 
[4135 
14139 


4740 | 3, 


3,61605,$1950| 


| 3,61626,540F53 
3,61637,04723 
,61647,55139 
[3,61658,05301 
3,.61668,55209 
3,61679,04863 
3,61689,54264 
G1799,034T1 


| 


61479, 17920| 


FEY 1053985 


3,61616,03128| 


Differ. 


10,50292 
10,56035 
10,55779 


TO,FFF21 
lo,5F266 


Lo,Ffoag 
10,947F3 
10,54497 
10,5 54240] 


10,93729 
L95,53474 
L0,53218 
10,92963 

10,5 2707 


— 


10,5245 3 
Lo,F2197 | 
Io,FI943 
Io,FE688! 
10,F1433} 
10,51178) 
x0,5e92.5) 
10,50679: 
10,5046, 
Lo,FOLGA, 


[10,4992 
[0,496 F4 
| 10,4940k 
19,49147| 


| 


we 


—a _- I—_—_ 


E 4 


CG al. a6. a6. a. has. 


414% 


—_— 


10,40094, . 


4170 


. 
— —————C———_ CE 
. 4 


Logaritami 
3,61710,52305 
2|3,61721,09946 
3,61731,49333 
3,61741,97457 
3,61752,45349 


3,61752,92978 
3,61773,49354| 
3,61783,87477| 
3,51794, 34348 
3;,61824,80967 


| 


3, 61815,27334 
213,61325,73448| 
3,61836,193I1 
3,61845,64922 
3,61857,10281 


351967455389, 
3,61878,00245 
3,51888,44850 
3,51598, 89204 
#19013, 3,61999,33306 


3,61919,77158 
3.61930, 20759 
3,61940,6410g 
3,5I9f1,07208 

3,61961, 50057 


$[3,61971,92656 
3,51982,35o00g 
3,61992,77103 
3,62003,18951 


——|T10,45367 


3,62013,60550. 


Differ, 
CODE" 2 
L0,4.5641 
[0,49387 
10,43134 
10,47882 


r0,47629 


10,47376 
10,47123 
10,45871 
t0,46619 


10,45114 
10,45853 
Io,4F6I1 


10,45359 
lo,451o8 


—  ———— 


10,44856 


I0,4460F|} 


10444354 


I0,44102 
10,43852 


N. 


Logarithmi hg 7 


4171 
4172 

4173 
4174 
4175 
4176 


4177| 


4.178 


14279 


4180 


3,62024,01h 
3,9 2034,42998| 


3,6206 #,64798 
3,62076,04900 
3,62086,44753 
3,62096,84356 
3,52107,23711 


4101 
4182 
4183 
4184 
4185 
4186 
4187 


4188) 
415g 


00-4 


3,62117,62818 


3,62128,01676 


3,62138,40285 
3,62148,78645 
3,92159,16759 
3,62169,9462}3 ; 


3,62179,92249 l 
3,52190,29609 , 


3,62200,66730 


3,62211,03604 | | 


3,62221,40230 


— {4191 


I0,4360I 


10,43350 
10,43099 
10,42849 
10,42599 


19,42349 
10,42098 
10,41848 
[0,41599 
| ro,413 34 


4192 
4193 
4194 
4195 
4796 
4197 
4198 


4199| 3,52314,58746 
3,62324,92904 


41200 


3,62231, 1,76608 : 


3,62242,12740 


3,62252,40624} 
3,62262,84261| 


3,62273,19552 


3,62283,54795 
3,62293,5902 
3,62304,24342 


. 
d* " 


———— 


ny | . + 


—— 


FP" OY 


3,62044,83847 "of 
3,62055,24447 l 


4230 
IN. [Logarichmi Differ. |, | N. Logarithmi ,D 
J'ols 3,02335,26815 DEE Ls [— iffer. | 
Menal3,62345,60481| 2233666] | 


oo | 142 3,02355,93900 10,334I9 
4 3,062366,27074 10,33174. 


4231 3,52644,30253 — 
4232/3,62654, 56590| ©2537 
4233|3,62664,82685 Io,26095 
4234/3,62675, 08539) "025852 


l3,62376,60001| 0232927 
G7 ee [co 32683] [4235 |3:62685,34147] 2 00 
_ L0,25367 


4-8 1,62386,9268.4 Bs £4 tvs, | ® 1h 
, 3.62397,2F120 10,324.36 (4236! Co SS 9T T4 oO aynng 
I 3,02407,5731t| Pg 2I91 | 4237 3,62705,84640| FI26 
ol2.62417,89257) £523 1945; et bn 162716,09524) 10,2453] 
1.62428. /[10,3r501| |4239|3-62726,34166| 7020642 
' 2429,20958 (42 nat 6 [To0,2.4400 
\ 624 10,31456| 229122! 2736,F496s 
302438, $2414 [4241 4241 Io 22459 
3,6244.8,8 [0,3I2LI|| 3,62746, $2725|— 
(62456 10,309665|| "15: 2757,06642 © 
2459,14591 43 p Io 0,23698 
$2469,453131 039722 % 21 3:92767,30318|, 
vl 35247 10,30477 +244; 3,62777,53752/\ X«. 2343 
I 2 9,75790| 42 5/2 3,62 -9 !Io 0,231 
I0,30 2232| | T) | 3,02707,76946| 
$10/3,62490,06022 aa (14246! SR - _ 
(17 62 0,299 | 3,027 »99 98 
——_— lr 3,62808,226 ro 


— |10,22952 


[zo ,22712 


62 10,2 | 
nn 714 To 4248|3,62818,45c81 [a9 RE7A 
#9 9102520,95254 | [4249 3,62828,673 1x) 2222230 


I 0: 29500! 

| 013,62 I, I'o »292F6; k 

= Io 229072, [4250] (3,6283 d39,89301 "Oy 
[2 — 0,17 

2<1749 


x 3,02541 3522 | —— 

(22 ,62351,82290 [0,29768, | |#251|3,62849,1105o Tm 
| 90 '4 2/3 .628 |Io,21509 
W3,62562, 10814] * 2205 $4] : pgs *399| |10,21268 

| kay 239095 q 4354.3 6285 = [10,21029 
1 oben 167132 | L0,2 38) 3 zY<-c gs -4856 [0,2 | 


[0,277 
3,25 2 2 19,2794, | CITES 4d dei. (IC,20 
| | RT l9,2755I 43, 3,6290co, 16193; r49 
W3,02613,49786| 0227308! | 257 3,62910,36502| 
| pcnzoeks [2,27065 [42 258 3,62920,56571| 
| 4259  3,62936 1,70401 k 


$3,626 © [T0,2582 
192034493674 Ml 4 3,62940,95991 


©. — TE font Lok 2557 "9 


4290 
N Logarithmi | Differ. | N. { Logarithmi [Dil 


3,62951,15342, -— "9112 4291 3,63255,55145\! 
(3,52961,34454 ro \18872 4292] 3,63265,97133 
2,62971,53325 t0,186 4293\3,63276,08885 

34 l 
3, 62981,71960 4294\3,63286,20401 


10,1$395 0.1 
3,62991,9935 5 10,18156 4597 3,63296,31602), lo. 


3,63002, o8511 NINETY 4296 3,63306,42727|—> 
10,17916 
3,63012, 2.642 29 - | 4297 |3,63316,53537 Kot 
3,63022,44108 ont dl 4 4298 3,63326,64112 w- 
A : 63032, $1548 10,17449] 4299|3,63336,74451 0,10 
10,17202|| q x0,10lof 
35394278750} 16964) 3,63346,84556| | 


| — — | L0,000% 
3,63052,95714] ("15726 4301 3,63356,94426 toe 
Mn To 164.88 439213» 63369,94061| to, 
4273/91 63073,28928 © 162 4393 3,63377,03461, 
74\3:63983,45178| . 16013 Rh 


4275|3,63993,6119T |, 15774, 4395 [3,53397-31590] 


(42761 3,63103,79905 — 4396 3:63407,42299\7, togd 
4277\363113:92593|,. 15209) 1127 $,63417,48718 
1278/3,63124,07802| 7? > £2 |430913,63427,5690 "2 
[4279|3,63134922365| 4399 3,63437,64941\ 


r0,24825]| o : 
4280 3,63144,37690} , 14588 431013034 27279" rogyſt 


42 12$1(3,63154,52278 Tn } pp 4311 [3,63457,$0229} 

bo th 62467,87522 A; 
Gn þ A co,T4LL4 (4872 Cre trleg 
20 5 ps As Gaal _ ,13$78 Yet 33 pi Gt BY ally 
3,63104,94022 2.13641) (4314|3,934 + 
» $3195,08263|, 2,13404|| 4315 3, 63498,08001| ol 
2 Fraapnn697 oro . — 4316 3, 2 63508, r436a m_w__ 
$;53215134335 | (0, 12932 4317 33 tho of 10,9) 

| A 2x 2 #) 

eel  kadal® "12695 43 31813,035 mp pots 
428g /3,63235,50462 £9|3,63539,32049 0,ff 


2 i 43 6 8 ) 4 
[42 290|3-$3249,7 97 a =_— 4 20|3,0354 34), PE 


er _— 


0,12.450 | 


-4320 


x Logarithmi 


321 3.5355 $,42663 
$322/3,03568,47525 
3,63578,52355 
3,63580,56553 
[2 63598,61118 


Fo 494033 
3,63608,65IF1 
3,63618,68952 
$2813,63628,72521 
|h 29 [3,63638,75558 
"| [830[3,53648,78964 


331(3,63658, 61837| — 
| 14332|3,63668, 84480 
, (4.63678, 86890 
| 43,3688, $9070 
| 3,63698,91018 


$36[3,63708,92735 
$713,63718,94221 
$3013,63728,05477 
83913,63738,96yol 
$4013,63748,97295 


| — |10,0056} 
113,63758,97858| — : 
213,63768,98191 
3,637738,98294 
3,63738,98166 
e3nys.p7 bod} = 


3,63818,964.02 


3,63808, 97220|— 


[3,63328, 95354 
3,63838,94077 


ur 3,6 L 2 
i dap} 9498263 | 


Differ. 


Io 24962], 
I0,04730|! 


10,0449 
10,04265 


[To ,03801 


8 houb 


10,03569| 


10,03337| 
I0,03106 


Io,02873 | —— 


I0,02643|! 


I0,024.10 
10,02I80 
Ic,o1948 
I0,o17I17 


Ic,o 148611, 
10,0x256||7 
Io,01024 
10,0C794 | 


L0,00JJ3Z 
I0,00103 
9,99972| 
9,99642} 
N ,9 nN 04.12 » 


—— 


999102 


9:93952, 
9,98723 
0.98493 | 


- [Logarithmi |Ditter, | 
3,63558,9083 3 
2|3,63868, $8867 
3,63378,86672 

3,63388,84247 
3,63398, $1593 


1256\3,63908,7$711 
3,63918,75599 
3,63928,72259 
3,63938,68690 
3,63943,64893 
3,63958,60867 
3,63968, 56612] 
3,63978,52130 
3,63986,47419 
3,63998,42480 


3,64008, 37314 
| 3,64018,3I919 
| 3,64928,26297 
4569]: 3,64038,20447 
4370 26400, 14370 
4371|3,64058,080 65 
4372/3 2,64086,01533 
4575; 2,64077,94773 
374. 3,64087, 87787 
| [4375 3,54097,30574 


14376 3,64107,73133| 
4377 3,64117,65466 


9,98034 
9,97805 | 
9,97575 
9,97346 | 
9,97118 


— 


9,96888 
9,96660 
9496431 
9,96203 
9,95 974 


9,95745 
9,95518 
9,95289 
9,9FOGI 
9494834 


a An 


9,9460F 
9,94378 
9,941f50 


9,93695 


9,93468 
9,93240 
9,93014. 
9,92757 
9,92559 


9,92353 


+370 3,64127,57572" 
3,64137 »494.52, 
3641474170 5 


9,921C6 


9,91 1880 
'9,916F3 
9491477 


yl 


43%1f 


4350 4410 
N. 7. |Logarithmi l Differ. = 


- [EogarituniDÞ x x 
4411 | 3,64453,70578|— 


—————————— 


4381|3,64157432532, , 01200 
4382 3,64167,23732| "0.0975 |4412|3,64463,55038 9h War 
4383|3,64177,14707 | 441313,6 9, 
9,99748 33 447339274 
[4334 3,64187,05455 4414 |3,64483,23288 = 


4385|3,64196,95977 goth 4415 [3,64493,97079| , " 
oel2 6, el eral — |, 
4.386 3,64206,86273 0,90071 4416 3,64502,90647\ ; 

4387|3,64216,76344 4417 13,64512,7399 9; 
| 64226 939845 299g i 
43881 3,04 ,66189|”? o $9619 4418 | 3,64522,57115| 4 

2389 3,64236,55808|* , 4419\3,64532,40016/% ll 


4399 3,64245,45202) - 959394 4420 16456-21 g 


$9169 9, 
4391] 3,64256,34371 p—_ 4421| 3,645 5$2,95149|,8 2 


$8 pa 
,6 66 3 943 9, 
4392| 3,04200,23314 o 88719 4422|3,6456T, 87382], 
in 


in 

4395 3,64305,76838 moan | 4426|3,64601,14996| T7 
4397] 364315 64656 9o97h 4.4.27 on 
4398] 3,64325,52250 ap ds ry 4.4.28 ; 64620,76122 
4399] 3-64335,39620 920757 4429 2 64630,56803/"y 


4400|3,64345,26765 9287145 \|430 aotorracl 


4491 04355113086 | 44.31|3,64550,17500 
4.402 3,64365,00382 443213,64659,97577 p 
4403| 3,64374,$6855 4433\3,0 64669,7739], 
4404| 3,64334,73103 4434/3 $4579,908 
4405|3;64394,99127|7*s 0 443513, 64689,36242 


14495 3,64404,44928 29 ASST 4436/3. 3,64699,15375 Wwe 
4407| 3,64414,39505 4437) 3.64708,9429 \ a (46 
[4408 2.,64424,15856 3,64718,72979|, Wo WITT 
(442913 ,64434,00988 
[vr 36443-35995 \0.8 


| _—_ —_— 


4393| 3,64276,12033| , 4423\3,64571,69394|, 
4394, 3,64286,00526 ” $8268 4424|3,64581,51183|(4 
4395|3-64299+$8794\ $8044 || 3,645 91,32750 


" ow. tas. 


4449 


4470 


"\Logarithmi 
3,64748,07732 
3,64757;85542 
3,64767,63132 
3,04777,40503 
3,64787,17653 


$13,64796,94584 
3,64$06,71294 
13,64816,47786 
3,64826 4240 f7 
3,64836,001T0 


[464845,75943 
3,64855,51557 
3,64865,26951 
3,64875,02127 
[513,64884,77084 


3,64894,51822 
3,64904,26341 
3,649 14,00641 
ſ913,04923,74723 
#60/3,64933,48587 


$1 3,64943,22232 
q 13,64952,95660 


"Th 3,64962,68868 


all 4443,64972,41859 


$05[3,64982,14632 


TR 3,64991,87187 
1/3,6500I,59525 


mh (9993,65011,31644 


9,77810 
9,77590 
9,77371 
9,77150 
9,76931 


Differ. 


9,76710 
9,76492 
9,76271 
9,76053 
9,75833 


9,75614 
9,75394 
9,75176 
9,74957 
9,74738 


9,7430C0 
9,74002 
9,73864 
9,73645 


9,73428 
9,73208 
9,7299L 
9,72773 


9,72338 
9,72IIg 


91355021,03547 
$:05030,75231 


9,71903Z 


9,71684, | 
9,71468 


9,74519 ; 


9,7255s5 


N. 
4471 
4472 


Logarithin1 


4473 
4474 
4475 
4476 
4477 
4478 
4479 
4480 
4481 | 


4452} 


4483 
4484 
4455 
4.486 
4487 
4.488 
4489 


3,65040,46699 
3,65050,17949 


(3,65059,88982 


3,65069,59798 
3,65079,30397 


3,65089,00779 
3,65098,70944 
3,65108,40892 
3,65118, 10624 
3,65127,80140 


— 


Ditter. 


9,71250 
9,7103J3 
9,70816 
9,70599 
9,70382 


9,70165 | 


9,69948 
9,69732 
9,69516 
9,69299 


3,65137,49439 
3,65147,18522 
3,65156,87389: 
3,65166,56039 
3,65176,24474; 


3,65185,92692 
3,65195,60695 


3,65205,284.82 
3,65214, 96954 


4499| 3,65224,63410 


4491|3,65234,30551 


4492 
4493 
4494 
4495 


3,65243,97476 


[3,65263,30681 
13,65272,96961 
3,65282,63026 
3,6 5292,28876 
3,65301,94FIT 
3,65311,59932 
3,65321,25138 


3,65253,64186 


| 


9,69083 
9,68867 


9,68650 | 


9,63435 
9.68218 


9,68003 


9,67787 | 


9,67572 
9,67356 
9,67141 
9,66925 
9,66710 
9,96495 
9,66280 
9,6606F5 


9,65850 
9,65635 


9,05421 ; 
9,65206 | 


(9,6499I 


A Ig" 


— 


Al — 


4501 


| 


| 


| 


| 


| 


4506 


4530 


Ne 


45o1| 3.0 
4.502 
14593 
4504 
439 
[4506 
4507 
4508 
4509 


4512 
4523 


4575 
14516 
4517 
[4518 
14519 
4520 


Wag 
4F1L: 


4514. 


Logarithmi| 
3,653 30,90T129 


3;65350,19470 
3,65359,03818 
3,65369,47953 


3,65379,11874. 
3,65388,75581 


3,654080,02353 
3,65417,65419 


3,65427,28271 
3,65436,909T0 
3,65445,53335 
3,65456,15 547 
3,65465,77546 
3;65475,39333 
3,65485,00906 
3,65494,62266 


3,65513,84348 


4521 
4522 
4525; 


4526 


14529 


4524' 
4525 


4530 


* SAW 


3,65522,45070þ 
3,65$33,05580 
3,65 542, 65877 
3,65552,25963 
3,65561,85835 


3;65571,45496 


14527] 3,65 581 ,04945 | 
4528| 3,65 $90,64182 


3,65600, 23207 
3,65509z82020 


3,65340,54907 |” 


3,65398,39974 


3,65 $04,23413/ 


Differ. 
9,64778 


9,6434.8 
9,64135 
9,63921 
9,63707 
9,63493 
9,03279 
9,63066 
9,62852 


9,64593 | 


N. 
4531 
4533 


4534 
4535 


wen 


Lo Logarithrhi 
3,6561 9,40622 


3,6563%,57191 
365648, 15158 


3,6 56 $7,72914)) 


4536 
4537 


[4538 


4539 


3,6 5667,30459 
3,65676,8779z)! 
3,65686,44915|” 
3,65696, o1327}) 


3;55628,99012/\f} 


9,62639 


9,62425 
9,62212 


9,6 1999 


9,61707. 


9,61F573 
9,61360 
0.61147 


9,60935 
9,60722 


9,60F10 
{9,60297 

9,6c086 
2 igt72 
2.59661 


2,5 9449 
9,59 9237 
9, $9025 
9,58013 
9 ,F8602 


[4540] 3,6 5705, rboag 


1454] |3:65715,15o1y| 
45 3,65724,71299/ | 
4543|3,65734,27368 wal | 
4544! 3657438320700 
4545 |3,657533 =Y 


4546| 3,65762,943147 
4547| 3,65772,49548| 
4545) | 3,65782,04560% 
re 
4550 3, 3,65S0T, 5 
4551 |3,65810, 6b35F 
4552/3, 
4553'3, 


4554/ 
4555 | 3.65848, 83513 


—— — — 
| 


9,03 


4556, 3,55858,3754, «all 
455713; 65867,90286, Re l 
4558|3,65877,43208] wo | 
4559! 3,65886,9592 
$96,986 
ws err ee 


—— 


"19.06 "8 453; 


9.2; j [r=]: 


4590 


el 


—_— — 


_ TT 
— 7 —_— 


| N. | Logarithmi Differ. | 


4591|3,66190 pdt), 
4.592 yomg 

4593 [3,66209,64454 9,45660 

pike Cu 9,45455 | 
y=* 1,65953,5997% Edad oz 3,66228,55157 9,45249 

a13,65963, 10116 4596 ono nt 

| lap $,65972,50952 v.97 Yar agent 
q 5 a 65982,11581 4598 6246 $y66g 9/4493! 
| ſo z;6ſg91,62007 qo 99|3,66266,3 A940 
| $91113,£6001,122.75 na 3,627 $,78317, 44221 
] pra$,66010,022.17 mw Is DS 
v I $13,66020,12014 9,49797 4602 \ 66294,66143j 2 $10 
NM nal365929,61603 > 49589 (\150 es bane Ree 
mj366039,10984 gaggbr |\45ot © 66313,93x6o|? otes 

2. 9,49174 4505 3,66322,96345|) Lgpr 

Wl Nl 9.48966 4506|3,66332,39336 er 
«| 0 3,66067,57883 9,48759 Sls e6341,82623 291707 
9,485 52 4608] 3,663 51324704 9.42581 
4609\3,66360,67081 9442577 

9,42173 


* | [1 $,66077,0643 F 
| (fle[3,66086, #4780 9,49345 
9,48138 450 3,66379,992)4 
1 9,41968 


mn d | 
pl Jl L 3,660 fe LY 
yl ky "A 401k N 
\ 1 ;66 5,50849 9,4793L | 461 3.66379, 51222 debeff £2201 
ul 6 , ; OPT 9,47725 om 3,66388,929806 9,41764, 
60 l; 1.66 24,46090 9,47518 46 J 5 66398,34048\ 2156 
W02013-22033495409 9,47310 ||, NN PPAR I) 1 git 
2 3,66417,179 | 9,4L152 


9,45 866 


— 


"I $77134,66058,09124 


Mt. FAG 
ba $,66143,40504 9,47 104 


og E 16615287401 249097 
# þ#6162, 34992 9,45691 
gl3,66171,$0577 9,46485 | 3,66445,39206 
4519\ 3,66454,79622 9,49336 
9,491.34 


9,72 Wi 

mY Wh 3,6618$1,258 9,45278 

jp [946073 11 | ,66464,19756|, 2, 
61973 19,3929 


—— 


4616|3,66426,58001 


4.517 3.6643 $,98746 9,4974J 
4618 9,40542 


y— 
— 


4521 


4624 


14531 


_ 14643 
4544 


| 46% 


N.\ 


4621 
4.522 


4523 


4625 
4626 
4527 
4.628 
4529 
4630 


4632 
4633 
4634 
4635 
4636|3 
4637 
4538 
4539 
4540] 


4647 
4642 


14545 32* 


_ 14646 
4547 
4648 


46f6 


Logarithmi (Differ. 
3,66473,59685 
3,66432,99411 
3,66492,35934 
3,66501,78254 
3,66511,17371 
3,66520,56284 


——— 


19,39726 
9,39525 


6529, 
3,66529,94995 | 185.08 
3,66539,3350 *219,38 $305 
3,66548,7180 \| 3810 2 
3,66558,99910| 0/5900 


IN. Logarithmi 


3,66567,47810 
1,66576,85507 |? _ 
3,66586,23002 mw = 
3,66595,60295 {ai - 
7» 
3,66604,973%5 0.36388 
3,66623,70959) 26484. 
,66633,97443|" 
NlnAr? a5 36a 
3,66 66651,79806} 199500 
. /9tn|g,35878 


3,66661, 15684. 35617 
3,66670,51361 0.35476 
3,66679,$6837|*? 

3,66689,221I1 
3, 66698, 57183] 
3,667 07,9205J 
3,66717,26725 |; 
3,66726,61194' 


— --- - 


4549) 
455913,66745,29529! 5291; 2 33866 66 


 ———— 


62 
36673595492. 24067 


4651.3, 66754,63395 >= 


(4653. 3,66773,30525 


4661 3. 66847,91029 


19435274 
9,35072 


4564 
4565, 


4652 3,66763 ,97061 


4554 3,66782,63790 
4555 3.667990 
46 56 \3,66801,297160| => 
4557 3,66810,62379 
4658 |3,668r9,9484 
14659! 3,66$29,27104 
(4660 | x: 66838, Fg167 


4.662 |3,66857,22692 
4563 |3,66866,54155 
3,66875,8541d 
3,66885,16481|” 


Bi 
9,344 
9,33p 


9,330} 
9,320 


9,3266} 


90,3246} 
9,301 
9,326 
9310s 


9931 
93 4 
[9,312 | 
9,310 
gy 


4666 3,66394,4734 
[4557 
| 466L 
[466 
4670 


3,66922,387} 


1,66903,7800g,” 
Z ,66913,08474,, 


eg Liab 68806,” gag 


10w 


} qe 


9,36572 


9,346570 


[9234469 
9937 4263 


4676] 
4677) 


| 


|4579, 


{abo[3 3, Groah 


4671 [3-56940,98673,; gail 
|4672|3, 65 $g yo, 23341 2 
\4673|3;66959,97919| 
4674 \3,66963, $7081” aſl 
J 942 | 
4675 3, 66978, 16152| 0g 
(3,66987,45925| m 
1,56996,73699| 4p 
4678 J 67006, 02175 or 
2, 67015,3© 49, 9,200} 
path 


JI 


94 ” 


Loga ichmi | Differ M.\I . 
ay Ga Es] N. Logarithmi Differ. | 
| WT4.91 3,67033,064L1 9,2 7683 A7I1 3,67311,31042 
4632 $,67043,14994 9,27484 4712 3,67320,52818 9,21776 
| q[3,67052,41575 9,27286 4713 3,67329,74.398 9;21580 
4|3,67061,63864 9,27088 4714 3,67338;95 782 9,21384. 
1 8513.67979-9797"19,26897 4715|3,67343,16971 9,2118g 
| | $;67009,4953) 9,26495 4.717 \ 67356, 58762\922079 
if (93-97299:79030 1. 26297 4718|3,67375,79365 ad 
Wb 3,67108,02327 | 5x00 ||*” ? 67384,99773/12042s | 
, 3,67 117,25427 ATTN 4720 1.67394, 19986 9,20213 
I 91712654329 g 25705 [14922 3,67403,490c4 > ami 
j 292 3,67135,$0034 4722 3,67 12 9,19923 | 
$0212.6 9,25500 412,59827| | 
ol W197149.992 [1 25315 [47.7 3,67421,79456|9 9979 
Q | | agate g,25113 4724 3,674.30,98889 9,194.33 
vl BN 2496 4725|3,67449,18128 94 T9259 
"| ad 3;67172,$0882 ROPIIK 4726|3,67 Tpyegengn 9,19045 | 
WIN. , 3,67182,05602 ; M 9,18850 
$g8|3,67191 9,24522 | [477 3,67458,56023| 
; yy —_—_-: 9,24326 4728 $167457,74679/ "609 
i 700 p 1449 © 9,2412 4729 SO an | 
wil $901357209,78579} 42-84 | 9,18267 
= toes INE #7 
FI Vide 3,67219,92512 —_— —|9,18073 
| 0213.6 9.2.80 9,23736 4731 3, 749529400} 1 EI 
WI loorls's ND 032 4732 3,67 $94,47360 _07000 
qr | $1367237,497d7 923559 6 : g9,17685 
704| 3.67246 9.23344 4733 by 7513,65094F5 : 
yo 7749575931 6 9317491 
$3] 05 3,67255 96278) 9455 347 4734] 5» 7529402030 17297 
| ap — cf 4735 3,67531,99833 9,17*97 
oy 106|3,67265,19228 2736 = oy g,171c4 | 
44d; 4707 3;67274,41983 9,22755 b »padaU 937 0,I6g10 
2b Wl 367283,045421 0% 362 4757 2, 7 550,33047 916717 | 
2} ke, 367202, $6904\912230% 4738[3,67559,59564 I ſr w* 
v1.4 Tl [3 7392,09071| 4 7 474c > Ep eyr.$ 9,16330 
-_ 19920970 JOE 4 7$77503417\ 1615 | 
PE - | 


I — 


—_— 


H 
: 4744 


4749. 


4770 


N. 
4741 
4742 
4743 
4744 
4745 


4745 
4747 
4745 
4749 
475 


4751 
[4752 
4753 
4.754 
4755 


Logarit hmi 


3,67586,99553 
3,67596,15496 
3,67605,31247 
3,67614,46804. 
3,67623,62168 


3,57032,77339 
3,57641,92317 
3,67651,07103 
3,67660,21696 
3,67669,36096 


3,67678,50304 
3,67687,64320 
3,67696,7814.3 
3,67705,91774 
3,67715,05213 


4756 
4757 
4758 
4759 
4.760 


3,67724,1845 9 
3,67733,31514 
3,67742,44377 
3,67751,57048 
3,67760,69527 


4.76I 


4763 
4764 
4765 


4.762 


3,67769,81815 
3,67778,939L1 
3,67788,05815 
3,67797,17 528 
3,67806,29050 


4766 
4767 
4768 
4769 


ms 


3,67815,40380 
3,67824,51519 
3,67633,62467 


3,67842,73224. 


| 47] 3,67851,83790 


Differ. 


9,15943 
9,T5751 
9,15557 
9,15364 
O,TI5171 


O— —  — 


9,14978 
9,14786 
9,14593 
9,14400 
9,14.208 
9,14.016 
9,13823 
9,1363I 
9,13439 
9,13246 
9,13055 
9,13863 
9,12671I 
9,12479 


9,12288. 


9,12096 
9,11904 
9,T1713 
9,11522 
9,T11330 


9,ITL39 
9,T0948 
9,10757 
9,T10566 


9,10376 


N. 


Logarithmi 


4771 
4772 
4773 


14774 


4775 


4776 
4777 
4778 
4779 
4780 
4781 
4782 
4703 
4784 
4785 


3,67860,94166 
3,67870,04350 
3,67879,14344 
3,67888,24147 
3,67897,33759 


3,67906,43181 
3-67915,52413/” 
3,67924,61454]? 
3,67933,70305 7 
3,67942,78966 , 


367951,87437 


3,67960,95718 7 
3,67970,03809 9 
3,67979,11710 7 
3,67988,19421 7 


4.786 
4707 
4788 
4789 
4790 


3,67997,26943| 
3,68006,34275|? 
3,68015,41417] 
3,68024,48370 , 
3,68033,55134|” 


4791 
4792 
4793 
4794 
4795 


3,68042,61709 


3,68051 M094 


3,68060,74290 


3,68069, 8297 a 
3,68078,86115 , 


4796 
4797 
4798 
4799 


450") 


3,68087,91744 
3,68096,97185 


3,68106,02436 F 
z0j 
3,68115,07499 vr 


3,68124,12374 


at b. | l 

0 / "is 3 

' Pp. : 

9, —_ \- 
- < . 

2 | 


- oO 
. L yF 44 
1 þ 
+ anc 
w ” 
g T7 
\ * 
% * 
a 
Ls S1} 


%» : " as we % — _ P 
= ' þ 4 = MN * w_— _ —_ _ —_ _ n p- - : . 
3 = OI _ — = hs 
Aa KS 4 64 <>” £4 = as S £- = ©. > 4 F AvS4 + 2. << <FY TT SS. 


"IT 
- 
2 & "| 
I» 


, +4+£ |. * 


'$%" : 
iv > v 


484 _ 
0. _— © Logarithmi |Difter: 
. Logariebii Ds LOgaritnml | 25 ET 


3 —— $31 $684.03 7037) : $881 
Is. 4,68133z17960 9,94497 ” »\2.68 12,69256 _9TNS 
ly $8142 21557 04309 4032|3,00412, $.9869F | 
40213) : 9,04 4833 3.68421,67951 $,98510 
$34|3,68430,66465L|g $223 
\s ' 48169 33920 as 4835 3,68439.517 418,99138 
oſl3s p , ces err rn nernrnernns 
WE |57-$,37665| 7 ((4836|3,58448,629221y 07952 
MY (e63,601795 206 9,0355 4837 3,68457;60074 $,97766 
i Ws 3,68187,4 9,93369 4838|3;68466,58640 ; 7581 

e813,63196,44592| 0 03181 | 68475,56221 af 
lie|3,68205,47777 |, 02 148391353475; 616 0,97 395 
5 ta. 1.68214,50764 | 4840] 3:63404,530 > 18,97210 
= -48223,53569 [4841 3,68493,5002"[2,97025 
A 1" 16823256187 . Ce ed ego 9599939 
Mfiel2.68241,58617 2 i Eats Apa 
ad Lunn : $44 | 3,09) =©5 9 96469 
Aigc12.68250,508 559 4047, it pts 4 
al} [7 68a5g,62915 9 4845 [3,68529,37214 8,952.84 
M2, 63263,64782 4845|3,58538,34099| 
"d(01713,63277,55463 
nl \ 1! $,63286,67957 
mld913:63295,69253\ 1119 | 
ml (334:7032219,00933 8 
Wl3,68313,71315 40) 1 
[213,68322,72060 
b1g[3,68331,72619 
0413,63340,72991 
2 3,66349,73177 


Me gn 4 


Us: 2,68151,25560 9,041T21 


' 


PO — 


9,91681 


——_—— ——__ 


$,94254 


| 9812 | ek 4245.8 
[913,68367,72985 299 4357|3,59635,91055 8$;94070 


d Ii $,99626 
213,63376,72614 


3 
4s $,99442 || ,8-g\ 3,68654,68991 2 
1) = hi 8.99254 || 1260) 3,68663;52693 ng 
9394723981; 09067 | 1 - 


— —— 


4858 3,60045,75105 b $86 


S 


, 
o S n } 
| 


—_— 


3 by 486E 


% 
4 
= 
* MM FS \ 
DO & ++ 
: : 


_ 4860 
iN. 


mm 


4861 
4862 
4863 
4864 
4865 


ith 


[3-68726,13462 


13-$8752,89612 


_— ——> — —— 
—_— — — ———— 


-— — | 


Logarithmi 


055; nn 
3,68681,49545|, 
3,68690,42696 

8 
3,0 499435663 Cat, 
,68708,28446| ,* 
3,00709,20446 8,92600 


——— 


8,924.16 


[9,93334 
$,9315I 


3,68717,21946 


$,92234, 


3,63735,05696|, 
292049 


3:68743,97745 g 91867 


8,9 684, 


3,68761,$1296 
3,60770,72796 
3,68779,64114 g 
3,68788,55248| 27734 


8,91500 
8,91318 


—— 
[ 


3,68797,46200 9,909 f2 
| — |8,90769 
3,58806, 36969] © —— 
3,58815,27556 
3,68824,17950 
3,58833,08181 


3,53841,98220 |3,90039 
—.'8,89857 
3,68850, 88077, ——— 


3,6885 9,7 77750 939674 
3,68868,67243 | 2259492 | 
b 993Io 
353377,56553/g 801 
3,68886,4568x| 2209728 


$,88945 
3,68895, 34626 8.88764 
3,68904,23390|,* $54 
3,68913,11972 


$,90404. | 


$,90221 


$,90587 920 


8.88582 
3,68922,00373 


$,88401 | 
[93930 859g 8.88218 


'8, 68037 


4890 


—— 


4591 
4892 
4393 
45394 
4 


4896 
497 
4598 


4900 


4901 


4993 
4904 
4995 


4997 
4908 
4909 
4910 


49II 
4912 
4913 
4914 
4915 


4916 
4917 
4978 


dd 
4920 


N. Logarithmi Dif 
3,68939,76623=—m 
3-68948,64484|" 
368957,52158/% 
3,68966, 39650 
3,68975,26961 $ 


3,658984,14091 
3-68993,01040 
|3,6900T, $7808 
4899 3,69010,7439;|%0 
3,690I9,6o800 5,86 


|3:69028,47025 _ 
4902| 3,69037,3306g bs,” 
3,69046,18932 
3,69055,04615 
3,69063,90117 
3,69072,95439 
3,69081,60580|,> 
3:59090,45541)p4 6h 
3,69099, 30321], 
3,59To8, I4g21 


3,69116,99341 
3,69125,83581 
3,69134,67641 
3,69143,5If21 
3,69152,35222 
3,69161, 18742 $ 
3,69170,02083 
3,69178,85244 
3,69187,68226\4 2.x 
3,69196, 51028 


7 . - 
(ET BY 
* \F Z , 
. HE : = 
$ | | % 
( ITE. : 
\ 'S; 
g a; 's 
ES. 
j C 6 $ 
G - 4 
L : 
w_ _ mY E 
? eo - 
4 p 1 
- LE o 
\ AT 
' + 
"I 
$ | x 
o "3. 
: 
, . 4 
, = £ 
""Y 
a ' L 
4 
$ þ 
1 4? R *) 
..EL 
G ; 


: $ ES . 
$] F 1 G wy 
"» o 
- £5 4 F 4 « 
i ” 
: Ss, ' 
o 2. F 
l z% 'T, : 
\ Ul 
3.0.14 1 
g 7 _ dk e 
i we bs 4 
44 = ? i | 
F 
4 


—_— — 
- —_ —_— 


tt _ 


, | 
T7 $4 
? = 
Y 
{8 


> 
, ,, '4 + -| 


j . 


epi 


; Logarit hmi 


1(3,69205,33650 


_— 
$,69222,983 58 

| 3,69231,50443 
bj 3,69249,62348 
Ws 3,69249,44075 
; 399250, 25623 
us 3,69267,06992 


: \3,69275,88182|,” 


$013,69254,69193 


$1/3,69293,50025 


32 3,69302, 30679 
2 3,69311, IIIFF 
! W3,69319,91452 
3 3,69328,71570|, 
$612,69337,51510|5- 


8113,69346,31272|, 
j8/3.69355,10856 


1939/3,69363,90262 


16 3,69372,69489 
013,69331,48539 
||| a8 27411 |, 
$1 [4$9399,06105 
$/3,69407,84621 
5 $,69416,62959 


p46 13,69425,41120 


913,69434,1 9T04. 


$- []! -f $913,69442,96910 
bl 


94513745381, 
60,51 989 


—... 


Differ. 


8,824.44. 
$,82264. 


8.82685 
8,81905 


8,861727 


$,8154.8 
8,81369 
8,81197 
8,8T0II 
8.80832 


8.80654. 
8,580476 
8,80297 
8.80118 


$,79940 


$,79762 

$,79584 
8,794.06 
$,79227 
$,79050 
8.78872 

$,78694 
8,78516 
$,78338 
8,7816T 


$,77984. 
8.77806 
8.77628 


$.77451 


8,77274. 


3,69469,29263 


3,69486,83280 
3,69495,60022 
3,69504,36588 


3,69513,12977 
3,69521,89189 
3,695 30,65224. 
3,69539,4T083 


3,69548,16765 


3,69556,92270 
3,69565,67599 
3,695 74,42752 
3,69533, 17728 


[3,695 91,92528 


3,69600,67152 
3,69609,4.1600 
3,69618,15872 
3,69626, 89967 
3,6963 $,63887 


3,69644,37631 


3,69679,30851 


3,69688,03717 
3,69696,76407 
3,69705,48923 
3,69714,21263 
3,69722,93428 


3,694.78,06360|, 


3,69653,L1200 . 
3,69661,84592 g 
3,69670,57809], 


_ Logarithmi| Differ. 


8,77097 


8,76920 
8,76742 
8,76566 


—[8,76389 


$,76212 
$,76035 


$,75059 
8.75682 


8,75 Jof 
$37 5329 | 


6,75lI53 


$,74976 
8,74800 


$,74624 


4980 


-N. 


4981 
4982 
4983 
4984 
4955 


Rl 


Logarithmi Differ. 1, 


3,69731,65417 65417 
3,09740,37232 
3,69749,08872 
3,69757,80337 
3,69766,51626 


F71dre 
8.71640 
8,71465 
$,71289 
8.71116 


4986 
4987 
$988 
4939 
[299 


3,69775,22742 
3,69783,93682 
3,09792,64448 
3,69801, 35039 
3,69810,05456 


$,70940 
$,70766 
8$,70591 
8,704.17 
$,70243 


4991 | 
4992 
| $4993 
4994 
4995 | 


3,69818,756g9 
3,69827,45767 
3,69836,15661 
3,69844,85380 
3,69853,54926 


8,69894 
$,69719 
$,69546 


4996| 
4997 
4998| 
4999 


| F000 
Þ 


3,69862, 24297 
3:69870,93494 
3,69879,62y1 8 
3,69888, 31368 
3,69897, 00043 


$,69371 
8,69197 
8.69024 
$,68850 
8,68675 
8,68502 


Foot 
F002 
F003 
Foo 
F00F 


3,09905,68545 
3,69914,36874. 
3,69923,05029 
3,69931,730T0 
3,69940,4.0 $18 


8.68329 
8.68155 
0,67981 
$.67808 
$,67635 


8.70068 | 


— — 


FoIo 


N. 


—————— 


FOLI 
ol2 
'For3 
For4 
yoly 
|FoI6 
yol7 
fols$ 
yolg 
F020 


FoO21 
|'FO2Z 
5023 
5024. 
yozy 
F026 
J027 
Fo28 
F029 
fJ0Jo 


F031 
F032 
$933 
5034 
$035 


|Logarithmi Di + 
3 »69992,44027 
3,70001,Io623 6,66jz| 
3470009, 77046 $,6 4! 
3,70018,43296 ww | 
3»70027,0937 "Wis 


3,70035,75278|= & 1 
370044, 4IoIo |? 65738 1 
347005 3,06570], ow | 
3,70061,71957] $,6h1l 
370070, 37171]? $,652] 


A 


[ſod 
Y [ak 
3,70079,02214 — t ] 
3,70087,67084; «al [652 
3,70096,31782] "Pk 

3,70104,96307] boy lfo54 


3,701 13,60661)," fol! jſt 


3 7or agg ee = - 
3,70130 ,$8852|y 19057 
3,70139,52690 No b 
3,70148; 16356|, © 
3,701 $6,79851 ron 


3,70165,43173|oe 

3,70174,00324 $6 
3,70182,69304|g Fa 
3,70I91,32112 Y 


| 


mil ts 
l: 


3,70199,94749 bn |: [ 


DEOSSSES 


3,70208,57214 
3,70217, I9f09 


3-59949,08453 , Wii. FO -226 
| | 8,6 [993 
Foop 3 99957,75914 SS7ACT | 


| $,67288 ||1937 
F008[3,69966,43202|,? g038[3,70225,81632 
* [5909 [3,69975,10317| 257715 WR | I 


g ,66 2 1939 3,70234,435 $4 8.617% 
foro pai 8 SH | 002} 3,70243,953641g, 600% Wl} nol 
pany Jy nag Dy , - | 


'4 
47 \' 
T3 - 
' 
fi & 
Ne 4 
: ; " 


Fo06 


8,622 
Lean 


2 


"ll ljo7o 


 _ | 


F070 


Logarithm1 
3,70251,66974 
$,70260,25413 
4,70268,8$9682 


$,70277) f0779 
3,70286,11706 


$13,70294,72462 
\ 3,70393,33947 
Foe 3,70311,93462 
$,70320, $3707 


_lY 3,70329,13781 


| 4,70337,73685 
3,70346,33419 
$,70354,92982 
$,70363,52376 


| 13,70372,1T1599 


$,70300,70653 
$,70389,29536 
3,70397,88250 
3,70406,46794. 
” 3,70415,05I68 


o6113,70423,63373 
3,70432,21408 
93 13479442,79274 
413,70449,36970 


9(3,70457,94497 


0013,70466,51855 
113270475,09043 


6! 


3,70492,22912. 
$,79520,79593 


8,60585 


$,60074. 
8,59904. 
8,59734 
$,599563 
8,599394 


3,70483,66062| 


Differ. 


$,61439 
$,61269 


6,61097 
8,60927 
8,60756 


8,60415 
8,60245 


FO71 


— ——— 


N. 

FO72 
JO73 
5074 
yo75 
5070 
$077 
5078 


5079 
Fo80 


Logarith ml 


3,70509,36Io0F 
3,70517,92449 
3,70526,40623 
3,79535,04629 
3,70543,60466 
3,70552,16134. 
3,70560,71634 
3,70569,26965 
3,70577,92128 


3,70586,37123 


FobI 
Fo82 
$083 
Fo84. 
yody 


3,705 94,91949 
33 70603,46607 
3,70612,01097 
3,70620,55419! 
3,70629,0957 Z\ 


5086 
5087 
Fo88 
yo89 
Fogo 


Jo9T13, 


Fog2 
$093 
J094 
1095 
fFog6 
5097 
Fogs 
J099 


FIoo 


3,70637,63 5587 
3,70646,17376 
3,70654,71026 
3,70663,24509 
3,70671,77823 


70680, 30970 
3,70608,83950 
3,70697,36762 
3,70705,09406| , 
3,70714,41883 


3270722,94193| g 
3,70731,46336 
3,70739,98311 
3,7074d,f0I20 


13,70757,01701 


Differ. | 


$,56344 
$,56174 
d,560c6 
8,55837 
$,55668 


S,55500 
8,55331 
$,55163 
0,54995 
8,54326 


8,54658 
$,54490 
8.54322 
854154 
$,593955 
8 153818 
$,53650 
$,93403 | 
$,593314 
$,93147 
8.52980 
8.52812, 
$,52644. 
0,92477 
$,52310 


—— 


$,92143 
8,51975 
$,5 1809 
1$.5 1641 


3, 1474 


FP 


4 


FLOI 


5100 


_ 


JT 
FIoI 
7104 
JT03 
F104 
flog 
F106 
FIo7| 
5108 
F199 
FIto| 33; 
FIIL 
FII2 
FII3 
FLII4 
FIIF 


F116 
FII7 
FIIS 
'FII9 
Hobo 
erar 
[$122 
[F1233 
$124 
Fr2y 
$126| 3,705 
$127 
|FI28 


» ke 
F239! 


mr - 


Lo gar 1thmi 


3,70765,53235| 
3,70774,04543|g 
3,70782,55683 
3,70791,006F7 
3,79799457454 
3,70808,o8105 
3,70816,58579 
3,70825,08886 


3,70833,59027| g 
3,70842, ogool 


3,70850,58810|z 7 
3,70859,08452|g 
3,70867,57927 
3,70876,07237 
3,70884,56380 


3,70893,05358 
3,70go1,f54170 
3,70910,02816 
3,70918,51296 
3,70926,960T0;y 


3, 3,70935,47758 
3,70943,95741 
3,70952,43559 


3,70960,912II' 


3, 70959, 35697 


3,70977, $601 5018 


3,70986,33174 
3,70994, $0165 
3,71003,26991 
3,710I1,739fl 


| Ditter. 


8.51308 

8,51140 
$,50974 
8, 50807 
6,50641 


[15132 


$,59474 
$,50307 
9,foI4r 

$,49974 


0,49909 


$,49475 
d,493 10 
$,4914.3 
8$,438978 
$,48812 
8.48646 
8,48480 
8,48314 


8,49642 


15145 


8,4814.8 


8,47983 
8,4.7818 


$,47652 


$,47321 


8,47156 
$,46991 
8,46826 
$,46660 


[{FTF3 
8.47486 | 


Fan 


- [Logarithmi| Diſt 


JL31 


FI33 
5134 
FI35 
FI36 
F137 
FI39 
F139 
F149 
FI41 
F142 
F143 
F144 


5146 
$147 
F148 


FIFO 


FIFI 
FIF2 


F154 
FIFS 
F156 
JL157 
F158 


JlIF9 
FI60 


5149] 


3,71020,20147 . 
3,71028,66477 : 
3,71037,12643 
3,71045,58643 
3,71054,04479 | 


3,71062,foIg1 
3,71070,95657 
3,71079,40999 
3,71087,86177 
3,71096,31I190 


3,71104,76039 ' 
3,7 1113,20723], 
3,71121,65243 ; 
3,71130,09599 ; 
3,71138,53791 


3,71 145,9781g| 


3,7 115 5,41683/ 
3,71163,653021.0 
3,71172,28918 q 


3,71180,72290| 
3,71189, 15499] elf 


3,71197,50544 
3,71206,01425 g 


3,71214,44142 8 
3,71222,86696|g 


3,71231,290b7 
3,71239,71314|g 
3,71248,13378 1 
3,71256,55279(g , 
3,71264,97016 


te tht. Mi. 


[ I— 


$,45496 


J190 


FIs. Logarithmi 


N. = | Differ. 
WL | or27s, 38591 SI9I|3,71I525,10289 
Wis » 128580002 JI92 307153346838 736749 
6a(3,71290,21250 F193 3271541463226 [yn 227 
3,71298,62336 J194|3,7I5Fo,19453 8.26066 
$165/3,77397493259 12951327 155005 5F19 (1g 25905 
166/3,71315,44018 ſ196[3,71566,91424| on" 
| rs3 $4615 $I97 [327157 5427168 re 4 
16[3,71332,25050 F1983:71583,62752\; "25422 
3,71340,65322 fI99 3,71591,98174. $255, 
3,71349,95431 FR0m 3,71600,33436 b 2rnod 
$,71357,45378 FaoT(3,70600, 50530 ane 
19213,71365,85162 5202|3,71617,03479 * 4780 
$13,71374,24784 $203| 3716253825910 n e520 
13,71382,64244 $2041 3,72633,72879|g". 1.59 
0[Þ71390,03541 $205|3:71642,0733Þ1g 34300 
"| $109913,71399,42677 $206|3,71650,41638\7 34139 
$189713,91407,81650 $207|3,71658,75777 8.33079 
3,71416,20461 F208 3,71667,09756 8.23818 
3,71424,59ITo g j209|3,71675,43574. $,33659. 
13,71432,97597|; $210|3,71653,77233\8 33499 
(9113,71441,35923 F21I1 3,71692,10732y 1-228 
213,71449,74086 jj 327370044970 \g 33179 
13,71458,12088 3213 3,71708,77249\, 330I19 
If k, 3,71466,49929 J214 3,71717,10268 8.32880 
3,71474,87607 J2I5 327 172543028, 699 
6|3,71483,25124 $216\3,71733-75327\y 22540 
107[3,71491,62480 $217|3,71742,08367 g 22381 | 
013,71499,99674 F218 3,717 $0,49748\; 32221 
3,71508, 36707 J2T9 3,71758,72959 \g 32061 
171516,73578 $220|3, 71767,05030 8.3 I 902 


$221} 


F220 


Logarithmi 


+8 
$222 
F223 
J224 


J225 


F226 
$227 
5228 
5229 
5230 


F231 
$232 
[5233 
5234 
$235 
$236; 
$237 
F238 
5239 
$249 


3,71775,36932 
3,71783,38675 
3,71792,00258 
3,71800,31683 
3,71808,62948 


3,71816,94054 
3,71825,2F001 


3,71833,55789 
3,71841,86418 


3,71850,16889|.? 


3,71858,47200| 
3,71866,77353 


3 271375,07347 1g 
3,71883,37183} 
3,71I891, Geo 


— — —— 


EI 
3,71908,25739 
3,71916,54941 
3,71924,83984 
3,71933,12870 


F241 
$242 
243 
J244 
2.45 


3,7194.9,70166 
3,71957,98577 
3,71966,26830 
3,71974,54925 


F24.5 
$247 
24.8 


$249 
5250, 
| 


3,71982,82863 
3,71991,10642 
3,71999,35264 
3,72007,65728 
3,72013J,93034 


Differ. 


$,31743 1 


$,31583 
$,3142F5 
$,31265 
8.31106 


$,30947 
8.30788 
8,30629 


| 


Les 8 
N. 


ER 


F2FI 
F252 
5253 
$254 
5255 


_ |Logarithmi 


3,72024,201 183 
3,72032,47174 
3,72040,74008 
3,72049,00685 
37 2057,27204 


F256 


||5257 


F258 
J259 
F260 


|F2GI 


F262 
$263 
$264 
5265 


— 


F266 
$267 
F268 


F269 


J270 


| C—— — ——— 


J271 


3,72065F, #3566 
3»72073,79770 
3,72082,05818 
3,72090,31708 
3,72098, 57442 
3.72106, $3018; 


3,72115,08437 ' 
3,72123,33700 
3,72131,58806 


3,72139,03755 


3,72148,08548]; 
3,72156,33104 $ 
3,72164,57663|g 
3,72172,81986 
3.72181,06152] 


——_ 


3,72189,30162 


$272, 3,72197,54916 


$273 
$274 
175 
$276 
$277 
F278 
$279 
F280 


3,72205,77713 
3,72214,91255 
3,72222,24640 


3,72230,47869 
3,72238,70942 
3,72246,93dſ9 
3,722.5 5,16620 


3,72263.392%9 


— 


— wow eee eee 


* LA 


s 
* ——_ — 
* », 
[ —— ** 4+ 
: : " 
[a 


\.2 ( , 4 \ 
k 


* / , 


FJIoO 


11 (3,72271,61675 


| it(3,72279,33969 


| 3,72288,06107 


| ; [3,72296,28089 
Ic2/ $,72394,49916 


£06(3,72312,71588 


| I! 3,72320,93104 


$813,72329,14465 


nb9(3,72337,35670 


0[3,72345,56720 
' 3,7235 3,77615 


) 3,72361,98355 


26 $,72370,18940 
| 3,72378,39370 
| 3,72386, j 9644 


w963,72394,79764 


ſ N13,72492,99729 
9013,724IT,19540 


913,72419,39195 
3,72427,58696 


pat[3,72435,73042 


3$472443,97234. 


9,72452,16271 
3,72460,35154. 
3.72468, 53882 
3,72476,72456 
3,72484,90876 
$,72493,09142 
$372501,27253 
$2725 09,4211 


Ter.t | " Logarithmi Differ. 


$,22294. 
$,22138 
$,21982 
8.21827 
$,21672 


$,21516 
$,2136I 
8,2I20F 
8.2I050 
8,20895 


8,2074.0 
8,20585 
8.20430 
8.20274 
$,20120 
0,I9965 
$,I98II 
0,I9655 
$,1950I 
$,19346 


6,19192 
$,19037 
$,18883 
8.18728 
$,18574. 


8,184.20 
$,18266 
$,1811L 
$,17958 


8,17893 


F311 
F3I2 
$313 
$314 
F315 


FZIG; 
$317 
F318 
F319 
F320 


3,72517,63014. 
3,72525,80664. 
3,72533,98159 
3,72542,15501 
3,72550,32689 
3,72558,49723 
3,72566,66603 
3,72574,83330 
3,72582,99903 
3,72591,16323 


A A 


$321 
$322 
$323 
$324 
$325 


3,72599,32509, 
3,72607,48702 
3,72615,64662. 
3,72623,80468, 
3,72631,96121 


$326 
$327 


5328 


BR 
$329 
(F330 | 3,72672,72090 | 
| I Ee 


3,72640,11621 
3,72648,26968! 
3,72655,42162 


| 
3,72064,57202 | 


| 


| 
$33 
$332; 


$333 


3,72680, 86025 
3,72689,01407| 
3,72697,15037 
$334(3,72705,30Tl4 
$335 [3,72713,44238 


5336 
$337 


$338, 
$339 
$349 3,72754,12570 8.13210 


3,72721,58209| 
3,72729,72028: 
3,72737,85695| 
372745 ,99209 


N. Logarithmi Differ. 


$,17650 
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3,75 315,45220 


7,57855 


3,75981,88774 


7.68927 


3,75936,56217 


3,75959,23066 
3+75966,70447], 


3,7 5974433676 


3,75969,43749 
3,75996,98576 
3,76004, 53280 ; 


3,760 12,078 ſ3 
3,76019,62295| 
3,76027,16605 
3,76034,70785 
3,76042,24834 


$790 
| XV. 
5791 
$792 
$793 
$794 


- 


Litter. Logarichmi Lift -| 


N. Logarit hm1 


= = , 


3,76282,85532 _* #2 
. 72449733 
3,76290,35285 
17449924. 
3,76297,84909 


O__—C C—_—_ 
Wor 4,76049,787 52 
Wig213,76057,32593 
tiir6;13,76064,86 195 

a 4,76072,397=1 


1,5 3797 
7,5 3957 
745 3525 
7,53395 


| /n494-94 


Ml $,70177,75375 
[My3.76185,2694.5 


| 7 1 ,76200,29694 


1 
$ 
17 


AN0613,76215,31923 
I | 3,70222,3284.3 
—l$00513,76230,33633 
"6|3,76237,84293 
wit 001570245,34824 
| 19013,7025 2,85224 
00/4913,76260, 35496 
91376267,85637 


f 


, 


e613, 76987,46 351 


| 3,761 32,63224 


Tdl3,76162,71846) 


$513,76079,93 116 


3,76094,94514 
3,76102,52517 
13,76110,05390 
013,76117, 58132 


1,76125,10743 


013,76149,15575 
1413,76147,67795 
m5[3,76155, 19886 


m13,76170,23675 


ſc 3,76192,78} $4 


01213,76207,80873 


ee 


| 


7,5 3205 


7333133 
7,5 3003 
7452973 
7,52742 
7,52611 


7,52481 
7,52351 
7,52220 


7,52091 


7,5 1960 


7,51829 
7,5 1700 
7,5I570 
7,3 1439 
7,51310 


7,51179 


7,y10J0 
7,3 2920 
7,39790 
7,50660 


7,90531 
7,504.00 


7,5OI41 


uf 7,50012 


5795 
$795 
$797 
|5796 
3799 
F80c 


— — 


FSOI 
F802 
5803 
5804 
805 
F806 
5807 
F808 
1829 
F810 


3,75305,34403 
3,70312,83768 
3,76320, 33004 
3,76327,82110 
3,76335,31097 
3,76342,79936 


3,76350,28655 
3,76357477245 
3,76365,25706 
3,76372,74038 
3,76380, 2224.1 
3,76387,70315 
3,76395,1 8260 
3,76402,66077 
3,76410,13765 
3,76417,61324 


FSI 
F812 
F813 
5814 


| 


| 
| 
| 


[F815 


F816 
Fol; 


— 
Fvlg 


$920 


3,76425,08754 
3,76432,56056 
3,764409,03230 
376447450274, 
3,76454,97191, 


3,76462,43979 
3$,76459,90638 


3,76477,37169/ 


3,76484,;83572 


3,76492,29846 


Y 


7449365 


7 249230 
7,49106 
743977 
7,48649 
7,48719 


7,48590 
7,404G1 
7,48332 
7,48203 
7,48074 


I nm oentt—_ 


747 945 


7,47817 | 


7,47688 
7,475$9 
7447430 


7 347 302 
7,47174 
7347 044 
7146917 


7,46788 


7 240059 
7,46531 
7,45493 
7,45274 


(7,46147 


— 


G 2 


FU2LI| 


5850 


$820 | BY 1? 
Logarithmi | Differ. | N. LogarithmiT hs 


N. 


| 


5821 
F822 
5823 
5824 
5825 
F826 
$827 
5828 
5829 
- "15830 
F831 
$832 
F833 
$334 
Hel 
F835 
[5837 
F838 
$339 
5840 


3,76499,75993 
3,75507,220I1 
3,76514,67901 
3,76522,13633 
3,76529, 3J9297 


3,76537,04803 
3,76544,50I81 
3,76551,95431 
3,76559,495F3 
3,76566,85548 


3,76574,30414. 
3,76581,75153 
3,76589,19764 
3,76596,64248 
3,75604,08604. 


3,766I11,52832 
3,76618,96933 
3,76626,40907 
3,76633,84753 
3,76641,28471 


5841 
5842 
| 

#843 
$344 
$345 
$846 
5847 
doen 
5849 


3,76648,72062 
3,76656,I5526 
3,76663, 58863 
3,76671,07073 
3,76678,45155 
3,76685,88110 
3,76693,30938 
3,76709,73639 


5850: 


| Rodd ala 


3,76708,16214 


3,76715,58661 


7,46018 
745890 
7,45762 
7445634 


7,45506 


7,45378 
7,43250 
7,45F122 
7444995 


7,44866 | ' 


7244739 
7,446II 
7,44484 
7,44356 
7,44228 


7,44T01 
7443974 
7,438465 
7,43718 
7443591 


7,43464 
7443337 
7,43210 
7,43092 
7,42955 


7,42828 


7,42701 


F85I 
j852 
5853 
5854. 
j855 
5856 
5857 
5858 
859 
[F860 


3,76723,00981 
3,76730,43175 


3,76737,85241 's 
347674527181] 


3,76752,68994 
3,76760, 10681 


3,76767,52240|/ 


3,76774,93673 
?,767802,34980 


3,76789,76160|' 


3,79797,17214 


3,76819,39616 


3,76841,60882 
3,76849,01052 


3,76886,00008 


3,76900,78709 


Foe! 


3,76804,58141 ; 
| 3,76811,98942 


3,76826, 80165}, 
| 3,76834,20586 


a 4a << oth. 4a P=4 " —_—_— _ 


3,76856,410g5| "x 
376863, $1012} Y 


3,76871,20804 | 
3,76878,60469 , 


3,76893,39422], 


3,76908, 17671 ; 
3,76915,56907 7,360 1Þ/7 
3,76922, 95817], Th Wl 
3,76930,34602], M0 


3,76937,73261 


zh] " 0013,77136,69709 


Joro , 


- *% w 4 . 
\ G 
= 4 
.n-" A 
- 
6 F 
, 
.. 
oy 
_ - 
T1 


en 


| J, 1694511794 , 


[. Logarithm1 Differ. 


Wha 202.7 
3,76952, 0292, 


| | $,76959,8 


ba I $,76967,26041 
all q $,76974,54672 


000 | 3,76982, 02578| © 
#0113,76989,49358' 
Foo 3,76996, 780I 3: 
igdg13,77-94, 15543 
IUbo/3,77011, $2948 | 


fo 4,77018,90227 


(0g? $,77033,0441 L 
004/3,7704T,0121 F 
hg13,77048, 38094 


690 3.7705 $,74749 
$713,77063,11278 
W7o70,47682| 
by13,27077,8 3 96 2 

Joc bols7708 F,20116 


a13,77026,27382; 


846 
#4 38 


7437530 
17437405 
7437279 


7437155 
7,37 0929 
7,30994 
7,36779 


7436655 


7.36529 

7,36404 
7.36280 
7,36154 


q $,77107,27832 
1000413,77114,63488, 


16 | W $,77121,g9019. 


* \ je $,77129,34426 


013,77144,048 66 
P913,77151,39900 


$,77092,56146 
$213,77099,92052 


7,36030 


7,35 906 
7,35780 

7,35056 
[7435531 


72354097 


7,35283 
7435157 
7,35934 
T+324999 | 


pr7ifhabog 


1N. 


——— 


F91l 
F912 
3913 
914 
J91r5 


Logarithmi 


3,77166,09593 
3,77173,44254. 
3,77180,78790 
3,77188,1 3202 


3277195 ,47490 


F916 
5917 
F918 
J919 
$920 


5921 


J922 


) 923 
5924 
5925 
$926 
j927 
5928 
3929 
J930 


F931 
$932 
$933 
$934 
5935 


3,77202,816F3 
3,77210,15693 
397721 7,4 960d 
3,77224., 634.00 
3277232, [70 67 


3,77239,506L1 
3,77246,040Z1 
3,77254,17326 
3,77261,50498 
3,77268,$3547 


3,77276,1 647 I 
3,77283,49272 
3,77290,81950 
3,77298,14503 
3,77395,46934 


3,77312,79240 
3,77320,114.24. 
3,77327,43483 
3,77334,7 5420 
3z 277342 WIA 


$936 
J937 
F938 
$939 
f940 


$277 349,3892; b 
3,77356,704dg 
3,77364,01933 
3377371,3325.3 
377379,64450 


Differ. 


7,34661 
7434536 
7,34412 
7,34288 
7,34163 


7 ,34240 
7433915 
7333792 
7,33567 

7433544 


7,33420 
7433298 | 
7,33172 
7,33949 
7432924 
7,32801 
7,32678 | 
7432553 
7,32431 
7,32306 


7,32184, | 
7.32059 
7431937 
7,3T613 
7,31690 


7,31566 
7,31444 | 


T,3E197 


7,31320 | 


7334784 || 12078 


£941 


— 


— 


94% 


N. 


— 


$94! 


5943 
5944 


$948 
$949 
5950 


$942 


| 


"Lav Zarithmi Differ. 


3,77385,95524 
3,77393,26475 
3,77-490,57303 
3,77497,88008 


$945 [3 774.1 5, 18590 


3477422,49049 
3,77429,79305 
3,77437,095 98 
3,77444,39689 
3,77451,69657 


3,77458,99593| > 


3,77456,29225 
3,77473,58026 

3.77480, 88303 
3 177488, I7658 


3,77495,463891| - 
3,77502,76001 


3,77510,04989 


3377517433054, . 


3, 77524,62597\” 


| 37753191218 > 
| 3477539, 19717 


3,77 546,48093 
3477553,76348 


F965 [3,756 1,04480 


5 3,77568,32490 
67.13,77575,60378 


3,77582,88145 


|3,77590,15789 


7,3095t 
7,30828 


7,397095 || 


7430582 


7450439 _ 


7,39336 
7,309213 
7, 39099T 
7,29968 
7,29846 


7,29722 
7,29601 
729477 
7,2935J5 
7,29233 


7,29110 
7,28988 


SHPagh 


28743 
7,28621 


7,28499 
7,28376 
7,20255 


7,28132+ 


7,28010 


7,27888 
7427767 


7,27644 


| 


N. 


Logarithmj 


3971, 
197%, 


3,77604,70712 
3,7761 1,97991 


5973 (3,776 I9,25147 


$974 


$975 


3,77626, 52183 
3,77033,79096 


5976 


$977 
F978} 
$979; 


3,77641,05888 L 
3,77648,32558 
3,77655,59107 f 
3,77662,85534| 


5980| 3,77670,11840 


5981 
5982. 


5983 


984 


1985 
F986 
5987 


5988. 


5989 
$990 
$991 
$992 
5993 
$994 
#995 
F996 
3997 
5998 
$999 


3,77677,38024 
3,77684,640J7 
3,77691,90028 
3,77699,15b49 
3,77706,41547|. 
3,77713,67125 
3,77720,92561 
3,77728,17917 
3377735 443131 
3,77742,68224 


3,77749,93196| 
3,77757,18047 
3,77764,42777 , 


3,77771,67386 


3,777$6,16242] 
337779349498] 


3,77800,64614 wr 


3,77807,88619 F 


7 27522 
$979 [3,77 597,431 [ & 


| | 6000 3,77815,12f04 
; 7427491 | K | | 


6930 


| 
| 


Wu 
Logarirami Ditfter. 1X: open Difter. | 
I 1,77822,36268 2,23643 | | 6031 3,78039,03285 
4,77529,599 11 at + |6032|3,78046,13329 7,20044 | 
je(3,77836,83434|77114..5 | 6033[3,78053,33253/7/09 4 
þ[377844,95936 7,2328r | 5034 3,78060,530g8 dpi 
" 2 7,1 6 
$,77858,53279 7,23040 | Go3e|prbaragazn 
113,77365,76319 F oa2 | (0037 3,78082,11759 7 +1.9449 
$-77872,99249| - 22800 | $938[3,78089,31087 bart 
$,77880, 22040 7.22680 6039 [3,78096,50296 4s apt 4 
03,77887,44720 7,256 (6040 3,78103,69386 721 90yo 
2 ms 7} Ii I 
n/3,77894,67280| 7,22439 6041 3,78110,88357 4 at Lind 
(3,77901,89719 7,A23ro 6042 3,78118,07209 TIvRA 
1 a7g09,12038|7 222 6043 [3,78125,25942 7,10733 
1797916,34238| 20 7,1861F 
9719 23423 7,22079 | 6044} 3,78132,44557| - 18 
i$,77933,56317|,/, 02 [[6045 [3,78139,63052//? 797 
El; 7,18376 
01013,77939,7 027 7,21839 6046 3,78146, $1428 _—_— 
0677938001157, 70 [|6047 [3,78153,99686]/7 1 12 
0$77945,21834 7,21599 | 6048 |3,78161,17825| GW | 
11697992:43433|;"2 148, [|6049 3,78168,35845[/ p 10020 
97959-64913}. 2 | 650 [3,78175 $3747.29. 
| R219 nn [7,17782 
$,77966,$6272 7.21240 6og1|3,78182,71529| 
023,77974,97F12 de 44-4 |6052|3,78189,89194 [7417005 
| $,77981,28632 hs Gog3 3,78197,06739] 1 
013,77988,49632|_* 6054 |3,78204,24166 7,17427 
7,20880 | Y 24 7 I7 O 
1377995,70F12 (605 5|3,78201,417 »1730J 
of ———_— 7,20761 | | —_ Lech oF 473} 7 I7190 
| 3,$002,91273 7 20642 6056 3,78218, F866 5 - 
WM 4,780L0,LIg1S ASS Ki e ||69F7 3,7822 2575737 2777 
$913,78017,32436 _ - | |6058|3,78232,92690 7210953 . 
990243839) _ 605g ,3,78240,0952 25 (7216B36 | | 
\'Y [378031,73121 AIR | 6060 3,78247 26242 7,16717 
_*- 90 [7,20164 | | x 7,16590 
Gr 4 | | G26 


6560 


|'N. Logarithmi | Ditter. 


GOGL 


6063 
[6064 


6066 
6067 
6068 
6069 
6070 


6072 
6073 
6074 
6075 
6076 
6077 
Co78 


6079 
Go8o 


16062 


6055 


Go71 


6090 


3,73254,42840 


\3,7326 3$,75682 


3,70275,91926 
3,78263,28052 


(3.78290, 24060 


| 2,78297,39949 
13,78304,55721| 
3,78311,71375f | 
3,73318,86g11 


3,78326,02329 
34783 33, L 7629 
3,78340,32811 
3,78347,47876 
| 3,78354,62823 


3,78361,77652 
3,78368,923643 
3,78376,06957 
3,78383,21434 
3,78390,35793 


Gov 
16082 
\6oP3] 
6084} 
6ady 
6086 
6087 
6088 


$099] 3 


3,78404,64158 
[3,78411,78165 
3,70418,92054 
3.78426, 05826 


3 7843 3,19480 
3,78449,3 zols 
3,78447,45438 


| 


6089] 


3,78454,5974L 
,78461,72926 


3,78261,59320|" 


7,16480 
7,16362 
,7,16244. 
7,16126 
7,16008 


7,15869 


3,78397,50034| 


7,15772 

\7,15654 
7,15536 
7,15418 
7,15 300 
[7,15182 
7,1506F 


7414947 


7,14329 
7,147I1 


7,145 94 
7414477 


714319 


7,14241 
7,14124. 
7, 14007 
7,13889 
7,13772 

7,13654 


7,13538 | 


7,13420 
7,03303 
7,13185 


7,13069 


- 


'N. 


| Gog1 
[6og2|3 
6093 
6094 
6095 
6096 
6097 
6098 
6099 
610Q 


Do —— 


6Io1 
6102 
6103 
6104, 
.6I05 


8 $0417 
337 475.9 947 

3,78483,11781 / 
3,78490,24459|" 
3,78497,37100|/ 


3;78504,4958} 
3,70 fl I,6 I9fo 
3,78518,74200 
3,78525,86334// 
3,78532,98350 
3,78540,10250 
3,78547,22033| 
3,78554, 33700| 


3,78561,45249) * 
3,78568,56683] 


6106 
6107 
6T08, 
6109 
[6110| 


GIII 


|GIIZ 


GII3 
GI14, 
GIIF 


3,78575,68000| 
3,76582,79200 
3,78589,90284|” 
'3,78597,01251]/ 
3,7 8604, 12102 


[> >borr, 22837 
3,7861 8.33456 
3,78625,43950 
3,78632,54344 
[3.78639,64614 


'GIIG 
,GIL7 
'6I18 


6I19 
6120 


3,7 8645,74767 
3,78653,84b05 
3,78660,94726| 
3,78668, 04932], 
3,7867 5,14221 


— 


—_— 


Logarithmi by 


\V 


N. Logarithm! Piffer. || N- Logarithmi Differ, 
16121 4,78682,257 9) 7,09458 IJ1 5; 94,57270 — 


—_—— 


7,95998 
7,0588J | 
7,05768 
7,05654 | 


|| 122, 78589.33215 7.09341 (6152 3,7$901,6326 
\f 4,7$696,42594 226 16153\3,78908,69151 
El. $703,51520 799226 \\5154\3,789157 

124\ 327 703,z +95 7,09110 6154| 3,799 5,74919 


| 
Fee | an 
 18717,99925 (5 ona7e (02963470909 6112 
i | 7,0887d | | 7 05 424 
$8 6 2 - b 
667072457 arc | 157 |3,78936,97530% 05310 


| 66 6158 
$13,78731,8755%|, 8648 ||. 3,78943,96346|.- 5195 
| 13,787 38,96214 - 08531 6159\|3,78951,092041 7.05081 
6, ; 616 
WE 04749], 08416 || — 3,789 58,07 12217,04966 
18131 2,787 53,73161 7,08301 6161 2,78965,12088 2.04852 
6162|3,78972,15940 
708185 6162 2 7$ 7 216 7,04737 
2 I 9,- T7 7,04623 | 


(er 1,78760,21462 
7,08069 | 


nz /3.78767 29647 
2 78774,37716 16164 3,78986,26300 
| 7,9795) | | 7,043 09 
$231,456 [1616 7 
1 135 $4,707 445 71 5.07838 UN Cke an 7,04395 | 


7,07724 | 


Pens way og PETTY Le 


07 3,78795,01233 7.0760 6167 3,79007,39434 

| $/3,78302,63541 * | 619d 3,79014,4365© 
7, 97493 | - = 

913,78809,76334] , 07377 | 6169\3,79021,47702 

Wel3,78816,837 1! 227377 \\6170|3,79923,5104c 


7,c4166 
7 5040 F= 
7,93930 
7,07263 || —| 7,03924 
(ig 2-$823,99974| - 27147 |6171|3,7993555464 » wh 
19 if g9 7,97 1531 | \ 7,03710 
| 0182:3,7 20,00121 - 07032 (6172) 379042299177 - 03596 
ug13,78838,05 153], 5, 4.79049,6277%- 01 
lay3, 78845 ,1 2.07% Hug 
1-$852,13972 EN 
| — |" 
10# 7 
I 6 3,78866,32131| 
| {3,73873,35508 6 F 
ng 3,78880,44930 # 179 $37 9 
0f613,78687,511.50 £8 


2 
/ - 


AAA CA EAI 


AY 1s {| 
of na L 


7,03481 | 
7,03368 | 


7,03254 


| ——— 
r—_—_ p 
a9 


Rn  — 


6219 


Logatithmi 


1379195,87436, 


3,791 I2, 90007 
3,79119,92455 
3,79126,94809 


3,79140,99157 
3,79148,01160 
3279155,030F0 
3,79162,04827 
3,79169,96490 


3,79133,97240 


3,79 9176, o8049 
3,79183,09477 
3,79190, Log00 
3,79197,12010 
3,79204,13107 | 


_— —— 


3,79211, 4091 


3.29218; 14951; 


3,79225,15719 


3,79232,16364, 
3,79239,10995 
3,79240,17313 
3,79253,17619 
3,79260,17812 
2,79267,17891 


3 $,79274,17858| , 


>613,7 9281, 17712 


'6210 32795994 


ww — - @ 


3,79268,17454; 


379295317033] , 


3,79392,16598 
16002 


| Differ. 


m— 


7,02571 
7,924.58 
7,92344 
7,02231 
7,02IT7 


— 


7,02003 
7,0I890 
7,01777 
7,01663 

7,015F50 


7401437 
T,OI323 
7,01210 
7,01097 , 

7,00984. 


7,0 9870 
|7,00758 
| 7,0 0645 
(7,0053T 
7,004.18 


7,00306 
[7,00T193 
7,90079 


6,99997 | 


6,99742 
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F 3.99336, 13363 


ra | 3,99346,98285 


Logarichmi 


3s 149020F,73 log 
"+ ves, 117234 
3,90216,51293 
3,90222,05283 


| Differ. |N. N. 


#,44959 
5#,43990 


— 


—- 


3,99232,93959 
3,90238, 36844 
3,90243, 80552 
a9 0249 24212 
3,99254,67793 


113,99260,11307| 


3,99265,54752 
3,99270,98130 


3,99281,84581 


3,99287,27854 
Ll: 
3,99298,13998 
3,99393,56968 
3,99308,99870 


3,99314,42704 


3,99325,28 [69 


3,90341,55857 


- 
-- 


3,993 $2,409645 
\3,99357,82936| 


SEITOAIOvy 


3 ,43922 
$,433 5. 


$,43735 
$,43718 
#,436FO 
$,43F81 
$,43514 


143445 
$,43378 
5,43309 
$,43242 


wm S,43173 


$,43106 
$,4393 g 
f,42970 
| $,42902 
$,42534 


F,42766 
$,42699 
$,42631 
$:42563 
$,42494 


5,42428 


| £,42360 


| $,42291 
5,42225 


[5,42156 


$,44126 | 


'Soll 
8012 
ol3 
'$org 
8or5 


Logarithmij ity 


3,99368,67317 
3,99374,09406 
3,90379,51427 
3,99384,93381 
399390, 35267 j 


$016 
$017 
8018 
$019 
8020 


$021 
$022 
$023 


$024 
8025 


| [8029 


8026 
$027 
$028 


$030 


| 3,90455,32630 | 


3,99395,77085 
3,90401, 18836 
3,99406,6og tg 
3,90412,02135 J 
3,90417,436bz 


3,90422, 85163 
3,90428,26576 
3,99433,67922 j 
3,99439,0920c 
3,99444, 5041 


3,99449,9 1554 


3,99460,73638 
3, 90466, 14579 
3,99471,55453 


8031 
$032 
$033 
$034 
8035 
8036 
8037 
8038 


$039 
8-40 


3,90476,9625y 
3,90432, 36998 
3,99493,18274 
3,90498, 58811 


3,99503,99281]- 
3,90509,39683 y 
3,905 14, $0019 
3,90520,20207 | 
3,90525,60487 


I Cn 


... 
fg {Ns Logarithmi 


CE 


$050 


"7 #1 3499692,73473 
$072 3,90698, 11932 J3805g 


Differ. 
$9113,99531, 00627] — 
3,995 36,40688 140067 
7,99541, 8068| 1139999 


$073]3 $1,379 
An 3239932 290703,49525 | 123/993 | 
7:99547,2061g9 ©,39865 $074 3299708, 87451) 1237926 
W.99152,60484 3075/3 $,3785 
, — 3J,39798 ML, »907 I4,2F3I0, 3 
bp/2,90558,00282 >= [| [8056 Ep naman 1237793 
[Ik 5 1,39731 2907 I9,63103| ——— 
4164; ; 3,905 3,400I3 5 3966 $077 3,90725,00729| 1237626 
oe {012290558,79677| 429004 $078 $43775 
nll | J,S9597 3,99730,384887» 9 
argat (N19 92995974, 19274. 8079, $237593 
13,99579, 58804 1239539 4 9299735276081 
Wl ——; 245 | | 5b 3-99741, 13608 1237527 
La 7 99584,98256|————_ 6087 OD — $,37460 
ul; 3.90 J,39396 3299746; 51068 BR —— 
tu 9 "OR TTOGay } 32 $082 3,907FI $8461 3.37393 
nt N22 0395,76990 (239329 [Nees 25788 1537327 
as | BY 390601, t6253 3439262 $o$ 3+90757,25788 $,3726 
"gk 499606, 554.48 | 1239195 #/3-90762,63048| 1237260 


vo8g 3290768, 00242| 1237194 


go | === $,37128 
0356 3:99773,37370 "= —_— 


90778,74431| 1237061 
$311 ,.36995 
S08g 3,99789,4835 4) 1236928 | 


| 3,90794,85216| 1236862 
NY 299638, 89212 3 28028 8091 $ $,36796 
[ 2 , 012] ——— 
l, 99644,27938 mw 8092 3, 9080 c g J,36729 
oy 99549,66598 1439660 't 180 a g bedita dy 36663 
x. p 7 
7/22995f5, 05598 $,35593 P3[3,90810,95404 


r $094[3,90816 J$,36597 | 
#13,9065 $,38526 [|] »900I6, 32007 : 


[,99633, 50418 $,38860 
1433794 


- 


— $,364% | 
'% T $8 2 1 4+ 
ot 290671, 20559 J,38392 | "9 3,99827,04995) OTE 


8095 $,36398 
" 28225 | , 3,90832, I | 
Fat, 5.38192 | [9999 3,99843, r3999 7 ze) 
(929987, 353245/ 153 [|8r00'3' pots $,36T 
*N 2 3 2, o$ $, IS 25 99 
mms [338126 a Tr Twaveny $,36133 
I 5 bl | 


AJ 
apa % 
» . 


— 


Lxoo 


IN. | Logarithmi 
| Tot, 3,90853,86322 
$102 3,90859,22388 
(8$103]3 90864, 58389 
3,90869, 94324 
3,90875, 30192 


Differ. 1, | 


3,91014,39611 
3,91019,73700 
3,91025,07723// 
3,91030,41681 
3,9 _. 1275573 


$,3606 

ene 
$,35935 
$,35868 
$,35802 


3,99891,37400 
3,909896,73004 


|3,99912,79420 


3,909923,50034. 
3,90928,85242 | 


| 3,99934,20384 


3,y0880,65994. 
3,90886,01730 


3,99902,08 542 
3,90907,44014 


3,909 18,14760 


$,35208 


3,99939,55460 
3,909944, 90470 
3,90950,25414 
3,99955,60292 


3,90960,95105 
3,90966,29852 
3,99971,64532 
3,99976,99147| 
3,90982,33697 


3,90987,68180 
3,99993,02598 
3,99998,36949 


3,91003,71236 
3» 9 I 


$,35076 
J,3yoTIo 


5,34944 
$,34878 


$,34813. 


$,34747 
$,34680 
$,3451F 
$,34559 


$,34453 


$,34418 
($,34351l 
$,34287 
F,34220 
19534135 


3,91041,09399 
3,91946,43160 
3,91351,76855 
3,91057,lo4d5 | 
3,91062,44049 ; 
$,91067,77547|" 
3,91073, logo 
3,91078,44348 


3,91083,77650 
3 3,9Tobg, robg6 


$29 1094,44057 
3,91099,7716} 
3,911cy, 1020} 
3,91110,43178 
3,91115,76087 


3,91121,08931 
3,91126,41710 
3,91131,74423 ; 
3,91137,07071 5 
3,91142,39654 


vIF9 
|[j8r $160 


3,91153,04623|, 


3,91158,37010 | 
3,91163,69331|- 
flair 


dl A... 


{|Logarithmi Differ. 


| 3,91259,39978 


1913,91270,02082 
| 91275233037 |. 
$08 $,91280,63927 


= 


$195 


/2,91184,97965 
| 3,91190,29960 | 


MOED74g33779| Fn nTa 
$91179,65904 26x 


331995 
« |J,3I931 


{ z,y1195,6189t | 


[[3,91217,57291 
kg|3,91216, 88961 


| 3,91222,2056F| $,31540 


$,31865 


4,91200,93756 


06,25556, 
49120625556 v1 135 


$,31670 
|F,31604 


$113,01227,52105 
[3,91232,33 580 
113,91238,14989: 
7 3,91243,46 334; 


5,31800 


3J,31475 
5,31409 
(3231345 
3231279 
(F,3I21IF 


,91248,77613 


$13,91254,08828, 


(F,3ZIIFO 
$,31084 
F,31020 
\$,30955 
30890 


$,91264,71062 


[3,91301,86837; 


pg1285 94752) 130025 


pgt2gr, 25512) 7230700 


$,3069F 
3,91296, F207: $,306309 


3,91312,47904. 
99 3,91317,78340 


—— 


| J, 
3,91 307,1 74.03 


J,3050I 
5$,30436 


9 3:91323,08711 
oh 3,91328,39018 


J,39371T 
J,39307 


EO ET 


30566 


N. 

$191 
8192 
$193 
$194 
SI95 
8196! 
8197 
8198 


$199 
$200 


8201 
8202 
$203 
8204. 
$205 
8206 
8207 
$208 
8209 
8210 


8211 
8212 
$213 
$214 
8215 
8216 
8217 
'$218 
8219 
$220 


—_ 


Differ. 


| Logarithmi 


3,91333,69259 
3,91338,99436 
3291344,29549 
3,91349,59596 
3,91354,89579 


3,91360,19497 
3,91365,49351 
3,91370,79140 
3,91376,08864 
3, 1381, 38524 
3,91386,68119 
3,91391,97650 
3,91397,27116 
3,91402,56517 
3,91407,85854 


3,9 1413,1 5126 
3,91418,44334 


3,91423,73478' 


3,91429,02557 


3,91439,60521 
3,91444,89407 
3,91450,18228 
3,9145 5,46985 
3,91460,75678 


3,91466,04306 
3,91471,32870 
3,91476,61369 
3,91481,89804 


3,91487, 18x75 


$,39177 
J,ZOTTS 
j,30047 
$,29983 
$,29918 


$,29854 


$,29789 | 


3 29724 
$,29660 


J,29595 


J,29531 
$,2946& 
J,29401 
329337 
$,29272 
$,29208 
$,29144 
$,29079 
$,29014 
5,28950 
5,28886 
F,28821 
$,28757 


5,28693 
5,28628 


$,28564. 
$,28499 
$,28435 
$,28371 
$,28307 


J,3924k 


ts. a 


$221 


| 


| 


gs $250 , m" 
(can) pre_cmcnnnl Differ. | N. |Logarichmi| Ta ay \'f 


om 
| $221|3,91492,46482 
| 8222|3,91497,74724 
$223 | 3,91503,02903 
$224 3,91508,31017 5,28049 8254, 3,91666,44645)) 
$225|3,91513,59066 5.27986 | |*2F5 |3291671,70776 


8226'3,91518,87052 TORTS $256 3,91676,96k4a). 
[$227/3,91524,14973 5x04 4 8257 |3,91682, 22846}! 
228'3,91529,42830 |”? $258|3,91687,48785 
[8229 3,91534,70623 147793 \[8259|3,91692,74601 
[8230|3,91539,98352/72 772 [18260 3,91698,00473] 
. — | 


ore 3,91650,65871 
8252|3,91655,92193}/ 
$253 3,91661,18451\) 


$,20242 | 
#,28179 
#,28114, 


$,27665 ||— 
$23x|3,91545,26017 -|[8261|3,91703,26224 
$232'3,901550,53618 vat $262 3,91708,51906] 
$233|3,91555,811 54777130 |[8263[3,91713,77508/99] 
$234'3,91561,08627 1237475 8264 |3,91719,03085}2% 


27408 | 
3.91566,36035 77,73, [[8265|3,9 1724,28579|0 
3-91571,63379| 267 (| 2256|3.91729,J40ogfa 
6,90660 | * $267|3,91 t 
| 4p1582,1787 , we $268 —— a! |, 
I £2) 44 
3,91587,45029! ” ae 8269|3,91745,29919 
3,91592,72177 m—_ ads $270 3-91759,15098], 
39159799141 26001 $271 3,91755,$0208 
8 $2 I761,052 
516 y2ggh 24995 |[g273|2.91706,z0ug|Þ 
pore r2geh) ons 8274 3,91771,55166| 9.41 
C 5 56 5,26769 "Mp oo 800g”? | 
3,916 19,0660) og [| 2275329177600; 
3,91624,33305 $276|3,91782,04820/-1., 
| ,2664T | & 20582)" 
3-91629,59945|- 15577 || 2277 (39170720904, 
3,91634,86523| - 26513 $278 3,91792,5429%% 
8249. 3,91649, 


Te 


YO TY 


ww 


-— OF 


_ = WF 'V 
SIS SES = | 3= 


| d27 9 ,3,91 797,78026 


26449 ||, "g_ | 
($250, 3,91645,39485| 263 8 $280 3,91803,0508 


mth 
6a. 


, Oe” 


- =_— 
_ 
-_ 


WY 
A. 


<2» * "= 
—», 
i 4 


way YES 63904. 


| 


all 4,01813,52262 
3[3,01818,76614 


all | 


2j / | 213,91915, 27290| 
1 l 91923,50379: 198 


4 Is 
> N41 [(Logarichmi | 1 


$310 


13,97808,27846 


13,97924,00902 
ff3,91829,25128 


$91834,49290| 


| oe d1839,73388 


|\"{# $1844,97424/ 
,91850,21396| 


helh,91855,45306 


lt. 


n13,91865,92934 


| g[3,91860, SgIFI 


13,91871,16654 
l3,91876,403 To 


[Þ#3,9:886, $7434 
113,91892, 10gol 


w13,91902, #7646) 


p91907,80 09 24 


| $1913,04139. 


Tl (3,91928,7340 I's 


Xx 


' BAY 
2 'E 
\ 


i { — 


[91933,96368/? 


191 939,1 9268-7 
91944,42105 
91949,64879 
91954,87590 


ah 


\'4 $97p60, 20238) 


| Differ. 


$,24416 
j$,24352 
5,24288 

3 ,24226 


$,24162 


$,24098 
| $,24036 
$,23972 
j$,23910 
$,23845 


$,23783 
J,23720 
$,23656 
3,235 94 
J,23530 


$,23467 
$,23404 
J,23341 
9,2 3278 
|$,23215 
$2 9g 
zodg 
5,2 2302 


22963 
.F,22900 


tees con_—_ 


$,22837 
3,22774 
F,22711 
$,22648 


\9,22585 


| 


8315 


N. | 


$31x' 
$312 
8313 
$314 


lit Http Mt otro tn. i lOtrodtDc oa. 


Logarithmi- 


3,91965,32823 
3491970455345 
3,91975,77805 
3,91981,00202 
3,91986,22536 


DC ——__ 


| 


8316 
$317 
8318 
$319 
8320 


$321 
$322 
8323 
$324 
$325 
$8326 
8327 
8328; 

| 
$329 
8330 


$,91991,44807 
3,91996,67015 
3,92001,8$9160 
3,92007,T1243 
3,920T2,33263 


— 


3,920I7,55220 
3, 92022,771 I c 
3,92027,98946 


3,92033,207ILF 


| 
3,92038,42422 5,21644 


3,92043,64066| 
3,92048,85647 


i tl eee mm 
m—_— 


3,92054,0716F5 
3,92059,28621 


3,92064,fcoI4 


8331 
$332 
8333 
$334 
$335 
$336 
$337 
$338 
$339 


34<| 


3,92069,71345 
3,92074,92613 
3,92080,13$18 
3,92085, 34961 
3,92090,56042 
3,92095,77060 
3,92100, 9801 
3,92106,18908 
3.9211 1,39738|? 
3,92116,60506 


| Ditter. 
J,422522 
$,22460 | 
J,22397 | 
J,22334 
$,22271 
$,22208 | 
J ,2214F | 
5,220$ 3 
F,22020 


J,21957 


5,218g5 
5,21831 | 
$,21769 
$,21707 | | 


ſ,2159T þ 
y,21518 | 
5,21456 

J,21393 
J,2133T 
5,21268 | 
F,21205 
J,21143 
F,2108T 
5,21018 


ego 


J,209JJ 
$,208g3 
F,20830 
$,20768 
| $,30706 


1 Wb 


Rs. —_ 


PT 


$220 


8250 


Logarithmi 


| 3,91492,46482 
18222'3,91497,74724 
$223/3,91503,02903 
$224 3,91508,31017 
8225[3,91513,59066 
$226 3, p15 16,87052 
| oy] 3,91524,14973 

228|3,91529,42830 
18229 3,91534,70623 
$230|3,91539,98352 


$231|3,91545,26017 
$232'3,91550,53618 
$233|3,91555,8$1154 
3,91561,08627 
|3,91566,36035 


3,91571,63379 
3,91576,90660 
3,91 F82,77876 
3,91587,45029| 
3 OT F92,721 I7 


3,91597,99141 
3,91693,26102 
3,91608, 52998 
3,91613,79831 
3,91619,06600 


= 


3,91624,33395 
8:47 3,91629,79946 
8$248|3,91634;$6523 
8249 3,9164.9,13036 
8250 FoSTG4SS 39495 


| Differ. | 


$,28179 
#,28114, 
$,28049 
$,27986 


$,27921 
$,27857 
J327793 
jJ,27729 
F,2766s5 


$,27536 
$227473 
$,274.08 
$,27344 
5,27281 
5,27216 
$,27153 
| F,27088 


| $,27024 


F,2760I' 


F,2696I 
$,26896 
$,26833 
$,26769 


-|#,2670F5 


$,2664.1 
$,26577 
F,26513 


#,26449 
[5,26386 


$252 
0253 
6254 
255 
$256 
8257 
$258 


8259 
8260 


—— — —— 


$261 
$262 
8263 
8264. 
8265 


N. 


5,282ga ([025" 


Logarithmi;] 
| 3,91650,65871 
3,9165 592193} 
3,91661, 18451 j 
3,91666,44645 j 
3,91671,70776 } 


— F 
3,91676,96843 
3,916$2,22846 j 


3,91687,48785 


3,916y2,74661 J 
3,91698,00473 
3,91703,26222 
3,91708,51gos|! 
3,91713,77528| 
3,91719,0308g\ 


4 A w- 
— 


mm WV 6, 


wg wc 


3,91724,28579 = 


$266 
8267 
$268 
0269 


118270 


349172945 4oog 


3,91734479376| "1 


3,917409, 04680 
3:9 1743,"999 
3,91750, 55096 


8271 
$272 
$273 
8274 
s 
275 


3,91755,80208 
3,91761,05257 
3,91766,30243 


3,91771,55166| | qe 
3,91776,80024] 10 


8276 


8277 
$278 


$279 


3,91782,04820 


3,9 1787,29552 5 


2,91797,78526 


_—. 


[8280|3,91803,0330), , oh 


$310 


jLogarichmi | 
11808,27846 
w,g1b 3, 52262 
k13,01818,76614 


At \91824,00902 
xy 01829 25128 
"1? - 94" 


| $91834,49290 | 


"y $1839,73386 
13,91844,97424 

7 l3,91850,21396|_ 
hel1,91855,45 306 

al |! $,91860, SgIFL 
"I _—-__ 
13,91871,16654. 

| W3,91876,403 To 
od 1 rh 63904 
þ63,91886, $7434 
"i 91892,10gol| 
#3,91897,34305 
$13,91902,57646 


©,91907,80 0924 
" 91913,04139. 
Wg1g1s, 27290 
W92923-50379) 
W3,91928,73405 


1Þ.91933, 96368, 


— ; 91939, 19268-* 
i 91944,42105 

Þ 91949,64879 
| + 91954,87590 


"2 


$2447 


1 Differ. 


$,24416 
$,24352 
$,24288 

$,24226 


$,24162 


$,24098 
$,24036 
$,23972 
F,2391I0 
$,23845 


$,23703 
J,23720 
$,23656 
$,23594 
j,23539 


$,23467 
J,23404. 
J,23341 
$,23278 


— |5,23215 


[F,23IF1T 
5,23089 


|5,23026 


\$,22963 
| $,22900 


mw —I_  —o—m——_ 


$,22837 
3,22774 
F,22711 


N.| 


8315 


831x/ 
$312 
8313 
$314 


_—_— —— Wk... A. [ OD Ry 2 OE I—_ 


Logarithmi 


3,91965,32823 
3,91970,55345 
3,91975,77805 
3,91981,00202 
3,91986, 22536 


————. —— 


| 


8316 
$317 
8318 
$319 
$320 


$321 
$322 
$323 
$324 
8325 
$326 
$327 
8328 
$329 
8330 


3,92048,85647 


$,91991,44807 
3,91996,6701F 
3,92001,89160 
3,92007,11243 
3,920T12,33263 


at... 
P ——_ 


3,920L7,55220 
3,92022,771 IF 
3,92027,99946 
3,92033,207IL5 
3,92038,42422 


Ditter. 


$,22522 


$,22460 | 
$,22397 
$,22334 


$,22271 


| 
$,22208 |; 
5422083 | 
5,22020 | 


j,21957 
5,21895 


5,21831 | 
| 5,21769 
J,21707 || 


| 5,21644 


3,92043,64066| 


3,92054,0716F' 
3,92059,28621 


3,92064,fooI4 


8331 
8332 


$333] 


$334 
$335 


8336 
$337 
$338 
$339 


$,92069,71345 
3,92074,92613 
3,92080,13$18 
3,92085, 34961 
3,92090,56042 
3,92095,77060 
3,92100, g80IF 
3,92106,18908 
3,92111,39736 


F,2158T ' 


5,2151$ 


S421456., 


J,21393 
J,2T33L 
5,21268 
F,2120F 


J,21143 
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$352 |3,92179,04857 
$353'3,92184,24814 


$34.1 
18342 
[$343 
$344 
$345 


$345 
$347 


$354 3,92189,44 709 
B3YT p2i9 4 G4re2 
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3,92365,84218 
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n[3,92495,08889 
1413,92500,25077 


[[92505,41203 > aeito 
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013,92562,14548|— 
113-92567,29939 
$951392572,45269 
9 3:92577,60538 
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3,93018,46523 


8516 
(|8517]3 
'8510 
8519 


$529; 


3,93033,90357 
|* 
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$613,93135,0150F5 
$9[3,93140,70136 
$0/3,93145,7 875 "ls 


| 1[3,93150, b7arg| . "ry 
F wAE 39 
$3 3,93161,c 24264 
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F,06691 
F,0863I 
$,00571 


,08F12 


1N. 


n. v5ſ2 


CFj3 


$554 


|L ogarirhmi 


—118, 85Fl $112,93201, 59064 
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8563 
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3,93267,66586 
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3,93282,87669 
3,93287,94578 

3,93293,01428 
3,93298,08219! 
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\ $,9679T 


06732. | mg 


0673 | 


$0 
F,06613 
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$,93353,7 9029; 
3,9335Þ, 85102), 5,06023 
3,93363,91125|- 5965 
3,93360,97090 ls, o5Fgo5 
$,93374:92995\5 55846 
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3,93384,14629 ſ, 05729 


,06082 | 
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[3,93404,37199| "07194 
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js F434 
|3,93414,4$118 
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3,93454,99229 | c 4788 
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$,04144 | 


3,93525,52818 
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3,93621,20443 
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| $540 
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3,93856,97562 
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4,64759 


9345 
9347 
9349 
9349 


[9252 


4,65906 ||?) 


9352 
9333 
9354 


9355 


4,64710 
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3,97099,73650 
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,,63900 A of 4,62482 i x b 4,61010 


7 — ; Hef 


| 


—_ &__ 


—_— ——— _ 


2, ; 
an 


| 9422 


19438 
9439 


9443 


19449, 3 


[5 


9429 


% : : Wy 


6 fp 


9426 


- 


 |Logarichmi 


3,97409,70038 
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11,6728857 
I 1,6669751I 
I1,6611437 


| 


8,3149536 8.3 150462 
8,3211221 
$43271 143 
 8,43330249 | 
3,338856: 


9,9999074 
9,.9999047 
049999021 
949998994 
9,9998966 


| 1,6850464, 
1,6789731 
[1,6729837 
I,6670757 
1,6612471 010 


8$,3446105|11,6553395 
8,3502895| 11,6497105 
8,3558953[11,6441047j4 
| 8,3614t97|11,6385703 
8,3668945[11,6331055 


OO ——— m— 


9.9998939 
949998911 
9,9998882 

9,99998 53 
9.999882 4 


I,6554957 
1,6498195; 
was colt 
I rangi 7 


cool 


9.9998794 | [8,3722915 [11,6277085[39] | 1,6278290],00018 


22 


23 
24 
41 
2618,3981793} 949998641 
271 8,4031990 | 9,9998609 
28 
20 8,41 30676 


8,3 774988 
8,382.76 20 
8,3879622 
8,3931008 


{4031614 


i © b : 
[39]8.4779190 


| 949998764 
949998734 


9,9998672 


949998577 


949998512 | | 


| SINVS. || | 


—_—_— a" 


88 grad. 


949998544 


99998703 | 


$,3776223 | 
$,3828836| 
$,3880918 


;11,6223777 
I1,6171114 
$1 (6119082 


8,39323361ix 16067664 


($,3983 152 
[8,49333$1 
8,4083037 
8,4132132 
8,41892679 


| Tangens 
Comp, 


I 1,6016848 
11,5966619 
11,5916963 


I 1,5867868 


TANG. 


L1,58193211 


1,6225012 
x,6172380 


— ws 
* 


1,6068993 


2 od 
16018207 


|IGT200P ajy's 


1 , 5968010] 000 
145918386 we 


| 1, 5869324 500 
I, 5820810 IS 


Compl. 


949999 512 


$4 949998050 


949998478 | 
9.999844 5 
94999841 1 
9,9998376}, 
949998 342 


9,9998271 
999998235 
949998199 | 
949998162; 


9,9998125 
999993088 


' 9,9998012 
949997974 
999997935 
949997996 
949997856; 
9499997817 
919997776 } 


on 


9,9997695 lj 
9,99976 5 3; 
| 9.9997612 | 
9,99975705 


99997527 


9,9997484 
19,9997 441 


SINVS. 


Sinus T 


\18,4276176 


9:9998306|, 


9:9997736 


1863 | 9,9997 398} 
91921 949997354 


TANG. 


| 
8.4180679 


ang 
CPR. 


PTY 


Re NY 


8,422 28690! I1,5771I310 


($8,4323150 
8,4369622 
8.441560; 


8,4461103 
8,45O6I31 


8,45 50699 


I1,5723824 
11,5676850 
11,5630378 
IT,9 584397 


YC ———Cri———— 


11,5493869 
I1,5449301 


3,4594314| 


8,4638486 


(8,4681725 


8,4724538| 


!8,4766933| 
8,4808920 
$+4850505 


8,4391696 


11,5405186 
I1,5361514 


11,5318275 


I1,5275462 


I 1,52330671; 


11,5191c80 
I1,5149495 


———— 


1 1,5108304|j 
8,4932502} 


I1,5067498 


8,4972928! 11,5027072 


8,5012982 


8, 5052671 
$,5092001 
; 8, 5130978 
'8,5169619 
'94 5207902 
|8, 5245860 


8,5283490 
V8, $320797 
8,5357787 
845394466 
G4, 5430838 


Tangens 


_ 11 Compl. 


11,4987018 


11,4907999 
I 1,4869022 
11,4830387 
11,4792098 
11,47 54140 


þ 


I1,5538897 


11,4947329|] 


11,4716520/ 
IT1,467920J; 3 
11,4642213; 2 
11,4605534| 1 
11,4569162 (#) 


TANG. Ge 


| 


| 


| 


þ 


4 {a compl. Ar 'Com.1 


| Sinus, 


1, 5820810 ,0001488 
mm——_—_—_—_G — 
1. 5772832 
|,o001 355 

1, 5678439; J000I 589 
I, 56320017 
| 1,5586056| 


I, 53725379 


I, 5540591 
1,5495598 
T1,5451066 
I, 5406987 
I,5363351 


1.5320150 


I+5277374|[.0001912 
I+52.35016 


1, 5193068 
I,$1T51I521 


— mw. 


I,5110368 
I, 5069602 
1,5029216 


| I,4989202 


[ ,4949553 
I ,4910264| 
I,4871327 
[,4832736 
1,4794436| 


1,47 56570 [+0002430, 


1.4718983 
L1,4681719 
1,4644772 
1,4508137 

I ,4571308 


Sin. com. 


,0001522 


40001624 
40001658 
O0IG694, 
40001729 


,0001801 
,0001838 


000187 5 


q0001950 
40001988 
40002026 
+2002065 
+0002104 
,0002144. 
40002183 


$0OO2 224 
,0002264 
40002305 
40002347 
,0002388 


— 
40002473, 
400025 16 
40002559 
40002602 


| 


0001765) 


| 


40092646} 


___ 


$8  orad, 


—_— 


AZ 


—— 


2 grad. 


ky "1 Sinus Tangens A J up 
M\SINVS. Compl, l| : (omg 


TANG. | Compl, 


$,5423192 0.9997454) $, 5430838 I1,4569162 14571808 


$,5454218 |9,9997309} | $.5466909|11,4533091 | | 114535782 
| 218,549994 949997265 | |$,55Q2683|11,4497317 I:4500052 

9997220| | $,5535166| 11,4461834 I, 4464614 
18. 5570536, 9.9997174| |8.5573362| 11,4426638| 56||1,4429464 
$,5605404 , 9.9997128 $,5608276 I1,4391724 I, 4394596 


$,5639994 | 9,.9997082 $,5642912 | I 1,4357088 1,4360006 
$,5674310| 9,9997036|[8,4677275|11,4322725 | 5311114325690 
$, T2007 949996999 | [8457113681 11,4288632 | 52} [1,4291643 

9996942 ||8,5745197|11,4254803| 571] |1, 4257861 
9. 9996394|{8, #7737661 11,4221234| 5011, 4224340 


11]$.530$923}9,99963461|8,5812077|11,41$7923 [49] |1,4191077 
(21 8,5841933{ 9.999679$| 1345845136 1415486445 144158067 
$.5874594|9.9996749 | [$,5877945 | 1144122055 [47] |1,4125306 
$.5907209| 9,9996700|[8, 5910509 | 1144089491 | 46] [1,4092791 
$.59394$319,9996650] |8,5942832{ 1144057168] 45] |1, 4060517 


| | —————_—_—_—_—_ 


$.5971517| 949996601 | |8,5974917|11,4925083|44 14028483 | 
9499965 50{ [8,6006767| 11,3993233[43| [143996683], 
$,6034886|9,9996500 8,603$386| 1143961614] 42| | 143965114 
$.6066226| 9,9996449\ |$,6069777| 1143930223] 41] |1,3933774| 000] 
d.6297341|9.9996398 5,6100943 1143899057149 1439026594 


—  c_—_— a l — RC C———_————<A— ——— — —_— © —m——_———_—_—_ 


$.61:8235| 9,9996346| [8: 6131889|11,3868111|39||1, 3871765|1299 
18, $6158910|9, 9996294, $,6162616 1143837384, 38,  2Ca1080 100037 
$,6189369| 9,9996242] [$,6193127|I143 $068731 37 [1 x 43810631 40003 
$, 6219616}9, 9996189] ($,6223427|11.3776573: 36 1 43780334 (290d 
35 ls, 6249653, 9,9996136| | $,6253518|1143746482 | 35 ; 1.37507 __ 
nmol 4 tech 5 | 
126; $ (6279484 ' 9.999608 $,6283402|11,3716598] 34 | | 1,3720516 
27|$,6309111 9.9996028| | $26313083| 1143586917 33 1,3690889 
2818, «6338537| 9.9995974| | $+6342563|11,3657437|32 143661463 
2918.6357764, 949995919 | $.6371845|11,3628155 143632236 
30 $,6396796' 9,9995865j | $,6420931 11,3599069 1436032041, 
Sanus. |SINVS. Tangens !T A NG. | 
Compl. | | Compl. | 


——_— 
W— w_—_—_ 


87 grad. 


: 


FO 


4 0» 


2 orad, 


7 949995 584 


19684|9,9995 353 || 846654331 


0163829 


$7188002 
| | npl. 


| 949995697 


9499995527 


319-9994241 


" Sinus 


Compl. 
99995865 


9 9995809 
949995753 


919993641 


9,999 5469 | 
9,9995411 


, 


9,9993295 


949995236 | 
9,999 5 176! 
9,99951 I6 


| 29995056 


949994996 | 


949994935 
949994874 
9.999481 2 
9.99947 50 
949994688 


9.999462 5 
9.9994 562 
949994498 
999994435 
949994370 | 


949994306 


9,9994176 
949994110 
949994044 


| |8.6070806| 


[| 


ITANG. 


| 8,6400931 


| 8,6458528; 
(8,6487044! 
8,6515375 
8,6543522 


| 8,6571490 
$,6599279 
: 8,6626891 


| $6708697 
18,6735628 
| 8,6762393 
8,6788996 
8,681 5437 


! 8,668 1 598 


8*6841719 
8,6867844. 
8,68938 I3 


j 


I1,3132156 


8,6919629 


8,6970806 
8,6996172 
$8,7021390 
8,7046465 
8,7071395 


847145345 
8,7169719 
8,7193958 


| Tangens 


SINVS. 


[| 


Compl. 


8,7096185 | 1142903815 
8,7120834' 11,2879166 


Tangens 
Gone. 


11,3599069 


8,6429825) I1,3570175 | 29 


11,3541472 
I11,3512956 
11,3484625 


| 


'30 
28 
27 
26 
25 


11,3456478 


11,34285 10,24 
I I,3400721 (23 


11,3373109 
1143345669 
I1,3318401 
11,3291 303 
11,3264 372 
11,3237607 
I1,3211004 
11,3184563 


I1,3158281 


— \ 


22 
21 
Z0 
19 
18 


W 
16 
I5 


wu 
14 
137 


11,3106187 


11,3080371 
8,6945292] LI 43054708, 10] 


I1,3029194 
I 1,3003828 
I1,2978610 
11,2953535 


11,292860 5] 


RO ——— 


1142854655 
L1,2830281 
11,2806042 


TANG. 


7 


IZ 
II 


5 


| 8 


6 
5 


| 1,2884925 


Ar.Com 


Sin.com' 


(0004135 
«0004191 
«0004247 
+0004JOJ 
+0004359 
40004416 
[1,3432983 | 12004473 
I,3405252| 40004531 
1,3377697 {40004589 
143350316 40004647 
143323107 ; 0004705 
1,3296068 40004764 
1,3269196, 40004824 
1,3242490 | 40004884 
1,3215948 0004944| 
I,3189567 ; 40005004 


Ar.compl. 
Sinus, 


I,3603204; 


143574366 
1,3545718 
143517258 
1, 3488984 
1,3460893 


| 


143163346 ,0005065| 
1,3137282+,0005126 
| I,3111375 | 40005188} 
1,3085621|,00052.50 
1,3060019',0005ZI2 
143034 569| 40005375 
1,3009266 ',0005438 
1,2984111 [,0005502 
I,2959101 [4,0005F65 
1,2934234 40005630; 
000 or A 
1,2909510 0095694! 
40005759 
0005824}. 
$0005 $9 | 
| ,COOFY 5C 


1,2860480 
1,2036171 
1,2811998 


orad. 87 


Fes! 
OO} —_— 


ve. FE 


' $,7188002 
7 $,7212040 
8,7235946 
31847259721] 
4 $,7283366 
$18.7 306882 | 
' 618,7330272 
71347353535 
$18.7376675 
91847399691 
40 $,742.2.586 
TE $,7445360 
' 67 8015 
$,74905F3 
i $,7512973 
L518.7535278 
| 7 
16|8.7557469 
17|$,7579546 
18|$,7601572 
ty $4762.3366 
$,7645111 


111 $.7666747 
221 $,7688275 
23] 8,7709697 
24] $.7731014 
2518.7752226 


8:7773334| 
f | 967794340 
$:7815244 
$, 783604$ 

91 $,7856753 


9.9993978 
9, 9993911 
949993844 
94999 3776 
949993708 


949993640 
949993572 
949993503 
9, 9993433 
9. 9993364 


969993223 
9499931 (2 


99993009 
— 


969992938 


9.999 286 F 


949992793 
9, 9992646 


9,9992572 
949992498 
949992424 
9, 9992 349 
99992274 
—  ——__—— 
949992198 
9,9992122 
9.9992044 


| 949991969 ; 


9.9991892 
en —_— 


| 87213063 
{$,7242035 


949993293 } 


949993081 |\ 


949992720 


[8.7802218 


' 


$,7193958 


$,7289589 
13. 7313174 
$,7 336631 
8,7359964 
$,7383172 
$,7406258 
$,7429222 


$,7452067 
$,7474792. 
$,7497400 

$47 519892 } 
$,7542269| 


aragean 
$,7536681 
8,760$719 
1847630647 


1142781937 
1142757965 
T1,2734183 
IT, 271041 
T I1,26386326 


—— DO — 


I 1,2663369 
1142640036 
11,2616828 
1142593742 
I 12570778 


11,2547993 
I1,25 25308 
I Te2502600 
1142480108 
1142457731 


IT42435469 
11-2413319 
IT+42391281 
IT+42369353| 


$,7652465 


$,7674175 
847695777 
$,7717=74 
$. 7738665 
$,77 59954 


$.778tr36 | 


8.7823199 
WorYg 


ty I42347535 
——F- 
I1,2325825 
142304223 
1 1,2282726 
11,2261335 
I1,2240048 
I ID 
I1,2197782 
r11,2176801 |3 
LIG2T 5592113 
It 62135139 | 30 


FANG/|M 


| I.2787960 


Wham 


112Brr99h 


112764054 
112740279] 
1942716634] 
I, 2693118 
—— 
1,2669728|, 
I 4264646; 
r 62623325 . 
1,2600309 i 
Is2577414 


I,2.55464ols 
1.2531995 
I,2 09447 | 
1,2.437027 
112464722 


I, 2442531 
I, 2420454 
I, 23984838|;0c 
I, 2376634|© 
I, 2354399 | 


Pp 

I, 2333253 
I,2311725 
142299393 


I; 2226666. | 
1,2205660 
1,2184756 
142163952 


== 


I 2263986 ; 00 6; 
| 1622477741 97h 


1,2 143247 


J d. . 


3 Grad. 


Sinus TANG. 1;Tangens Ar.compLjAr.Com. 
| Compl. | Compl. Sinus, \Sin.com. 


| cm ————_—— | « ? 


9,9991892 8,786486I|11,2135139 142143247, 0008108 
——————— | mn 

p19,999181 5 [8.7885 544] 11,2114456|\29] |,1,2122641 0008185 
7 [949991737 | | 8,7906130| 11,2093870|28 F qt pt 0008263 
9,9991659 >y4angt 11,2073380|27| | 1,2081 72240008341 
94, 9,9991 580] | 8,7947014| 11,2052936'26| | r,2061406; «0008420 
949991 zol 8.7967313 11,2032687|25 1,2041186, (40008499) 
— > = BR | r_ ny WEI . 
9,9991422||8,7987519]| 11,201248r] 24. 1,2021059  oeSg70 
v99897419,9991342} , 8,8007632} 11,1992368123 1,2q01026 , 0008658 
18915 [9,99912627 | 8,8027653| 11,1972347| 22] | 1,1981085 | 40008738 
$038764[9,9991 182 |, 8,8047583| 11,1952417| 21] \1,1961236| 40008818 | 
$523/0,0991101 8,8067422 11,1932578|20 1,1941 477 | 0008899 
| |. nn—_ —mm—__ — 
jo78192 9,9991 020 || 8*8087172]| 11,1912$28| 19, 1,1021808 oo8g80| 
$09777219,9990938 |[$48106834] 11,1893 166] 18] | 1,1902228' 0009062 
117264 9499908 56 | 8,8126407 $1,1873593 17 I, 1882736's 40009144 
$136668] 0,9990774 | [848145894] 11,18 54106 16, | 1,18633 32|400092.26 
155985 | 9,9990691 [[8,8165294f11,1834706{ 15 | | 1,184401 5 [40009309 


$7 $217 949990608 [8,8184608| 11,18153921 14 ee canes 


8194 6319.9990525 [18,8203838| 11,1796162} 13; |1,180563 7 wor 

3425 [9,9990441 | [8,8222984| 11,1777016| 12| 11,1786575 009559} 
— 

32404[9.9990357 | [8,.8242046|11,1757954/ 11} 1,1767596 9009643 

p251299 949999273 8,8261026 | 1,1 738974; 10] | 1,1748701 | 40009727 


perro nnennrneeenes | — 


1,1729888 0009812] 


$170112 9.9990188 88279924 I 1,1720076 | 
9299 rico 


$0644 | 9,9990103 | |8,8298741| II,t701256 
07495 [9,9990017| [8483 17478| 11,1632522 
326066] 9,9989931 | [8,8336134| 11,1663866 
$4557 (949989845 | [8354712 11 ,1645288 
302969 919989758! rai 11,1626789 
351304! 9,9989671 | (848391633| 11,1608367 
399561|9,9989584 (88409977) IT41 590023 
9417741 | 949989496 | (8,8428245] 11,1571755 
$335845 | 9.9989408 [18,8446437| I1.1 553563 
A —_ Oe. 


Sus, 1SINVS. || Tangens | TAN 
Compl. | yy Compl. Y 


86 grad 


I, 1692595 ,0009983| 
(1673934 | 0010069 
1,165 5443 | qQOLOISS 
1,1637031 |,0010242 
[41618696 | ,9910329 | 
| 141600439 | 0010416 
141582259 |,0010504 


| [£64155 (0019592) 


Pet & o | 


————e———_—— ——_— RR 


Jy pee ge 


l 


— 
—_— — — 


| 


| 118,8453874 


2 68471627 | 
| 3188489707 
| 4\8,8507512 7 
5(8,8525245 * 
6 88542905 | 
|. 218,8560493 
8188578010 
9 8595457 | 
r018,8612833 
| 


xx/8,863013 39 
1288647376 
I3 | 8,8664545 | 
14] $,8681646 
r5; 8,8698680 
16] 8,871 5646 
24 $487 32546 

ww 1 964m 

19; 8,8766150 
20 8,3782854, 


wal 


21 [8,8799493 


| 949988962 


\ 949988689 


8,3832581 
8,8849031 
8,8865418 


23, 
24 
25 
8438881743, 
8,8898007 
8,3914209 
8,8930351 
30 8,8946433 


Foy 
| 28 


-22|$,8816069 1] 


' 949989052 


9.998887 I 
9,9988780 


9499885 98 
| 949988 506 


9.99884 14 
19,9988321 
9,9988228 
949988135 
99988041 

megan 
9,9987 947 
949987853 
949987758 
949987663 
9.9987 567 


949987471 
949987375 
949987278 
949987181 
9%g9987084 


9,9 986986 
mow 


9+99 


9499 691] 


949986 591 


Sinus 


_ Compl. [ 


SINVS. | 


PI 


8,84464.37 


8,84645 54 
$,8432597 
$8,8500566 
8,3518461 
8,8536283 


| 
8,85 54034 
8,857171 3 | 
8,8589321 


| 
| 


8,8624327 


8,8641725 
8,8659055 
8,8676317 
8,8693511 
8,8710638 


8,8727699 
8,8744694 
8,8761623 


| 8,8778487 


8,8795286 


| $.8812022 
\ 8,8828694 
$,3845303 


8,8861850 
8,88783 34 


8,8894757 
8,8911119 


| $439 27420 


8,894.3 660 
8,8959842 


'Tangens: 
Compl. 


| I1,1393141 
jÞ I,1375673 


I1,1553563 
I1,1535446 
I 141 517403 
1141499434 
x 1,1481539 
1141463717 


11,1445966 
I 1,14282 87 


I1,1410679 


I1,1358275 
11,1340945 
11,1323683 
11,1306489 
II,1289362 


— C—_——_HY_ 


I1,1272301 a 


II,1255306 
I1,1238377 
IIgIZ22IFI3 
IT,1204714 
—————————_, 
IT,1187978 
II,4I71306 
IT4I 454697 
ITQ1138150 
I 1,1121666 
IT,1105243 
I 1, LO88881 
I1,1072580 
I1,1056340 


[1,T040I58 


| TANG. 


« 5 grad. 


| 
39 


43 
42 
41 
40 


38 


37 
30 
35 


{Ar.compl,\& 


[141474755 


1,3369861 
1,1352624 


| [181318354 
| [1,1301320 


| 


I ,1134582 


Sinus, 
I,15641 5 
Ee omen 
I,1546126 
I. 1528173 cor 
I.1510293),0108 
Is 14924880017 
100110 


4001069 


—m—m—m— 
"+1457095 worn 
I,1439507 worth 
1, 1421990 ,oors 
I,1404543 ,cort 
I,1387167,,001144 
4001159 
400116 
«OOJI 
4OOLIR 
4003195 


L,1335455 


————— 
1, 1234354 
1,1267454 
I,1250619 
1,1233850 
1,1217146 


4001214 
401224 
400123P 
0074 


,0012526 
40012025 
00127 
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9,9869670 


949874339! 


9498693 56 
949869041 


[o, 


SINVS. 


943803537 


9,3309100 
943814655 


| 


943820205 
943825748 
9,.3831285 


| 9438368 16 


943842340 
943847858 
$4385 3370 
943858876 


943864376 


943875356 
9,3880837 
943886312 


943891781 


1943897 244 
943902700 


943919034 
943924466 
943929893 
943935313 
943940727 


| 
943946136! 
943951 538) 10,6048462 


9*3956935; 


943962326 
943967711 


Taggens 


9% 390S1 51 
943913595| 


1046185345 
1046179795 
10,6174252 
10,6168715 


10,6163184] 


I0,6157660 
IOGI52I42 
10,6146630 
10,6141124 


1066135624 
10,6130131 
10,6124644 
10,6119163 
1046113688 


Io,6108219| 


I0,6102756 
10,6097300 
10,6091849 


r0,Go80966/ 
106075 534 
1046070107 
10,6064687 ; 
I0,60F 9273 


I 0,605 3864 


10,6086405 | 


10,6043065 
10,6037674 
10,6032289 


TANG. 


24 
23 
22 
21 
20 


19; 

18 
I7 
16 
I5 


| 6198871 


Ar.com., 
Sin.com., 


Ar. com. 
Sinus, 


Om —— 


46318147 


+63 12889 
46307637 
46302392 
6G297153 
(6291921 


— —— 


£121685 


,O121988 
qOI2Z292 
40122 

40122901 
zqOIB32 

46286696 |,0123512 
(6281477| 0123817 
16276265] ,0124124 
6271060] ,0124430 
46265861 ,0124737 
46260669 [,0125045 
462554831,0125352] 
46250304 |,012566r 
[16245132|,0125969 
46239966} ,0126278 


e6234806 
16229653 
46224507 
46219367 
(6214233 
| 6209106 
+6203985 


40126587 
10126897 
10127207} 
40127518; 
0127829 


4OI 2064 
1012845k 
401237647 
40129076 
40129389 


— — 


| 


66193763 
1618866x 


_— — 


Compl. 


| 


6183 566. 
| | 6178477 | ,0130016F 
46173395 |,01303JO 
6168318 ',01306 

| 6163248 ,0130959þ 


il JR 


40129702 


orad. 


14 grad; - 


[: Sinus, 


Compl, 


x | 'Tangens 
Compl. 
10,6032289 
| — 
9.9868726' 9.3973089 I9,6026911 
:9,9868410! 9,3978463! 10.6021 537158 
9.3851924 [9,9868094 9. 3983830 104601617057 
9. 3356969 9.98677 78| 9. 3989191! | TOj60 10809 56|; 
9. 3862008 9.9867461| 9.3994 547 16005453) '55 
—  eeeererooeennemnes | 
943867040 9,9867144 
9.3872067 9.9866827 
9. 3877087 9.9866509 | 
+3882to1 9,9866191 |} 
9,3887109 9,9865872| 

. - ee mm 
9.3892111 9.9865553 
9, 3897106 9.9865233 


Ir com. Arca 
Sinus, —— 


6163248 :01 30959 


— —— 


SINVS 


. 
c——_— — —— 
E< C 


| TANG 


60 


— 


J9 


o |. 


9. 3967711 


943836752 '9 ate 


—__ —— 


93841815 


6158185|; | 
9.3846873 pron us. 


(6153127 O17 
46148076 9131g 
46143031 10132222) 
461 37992| 01325 
(6132960| 01318 
e9127933| 013318 
46122913 0x3 
«6117899, 01338 
401 (2891 01341 


c— — 


, 
: a : 
: 


ET 


LuSwp wo | 


9, 3999896 Midgnares! 3+ 
944005240! 10,5994760 | $3 
9-4010578| r0,5989422|52 
9:40I59I0[10,5984090 51 
9.4021237 10,5978763, 50 
— ——__—_ | Q—_ 
9.4026558 
) 9,4031873 


ov ©vu co 


Ln 


1045973442 [49 
10,5968127 |48 


— 


— MM —_— I 2 


Lo 
— 


461 07889 
6102894 


O13 
101346 


9. 3992096 9,9864913 
9. 3997079 9.9864593 
9.391 20 7 9. 9864272 


| 9,4037182 
| 9.4042486 


I0,5962818 
ICg59575I41 
10,5952216 


47 
46 


46097904 
+0092921: 


+698-9431,013 


40135 
40135407 


EOICy: 
943917038i9.9863951 944953076, 10,5946924. 
943921993 |9.9863630! 944058363. 1095941637 
$19,3926952 9.9863308| |944063644. 10,5936356 
943931905 {9.9862986 | ' 944068919 10,5931081 
943936852 (9-9862663 
———_— 
9, 3941794 | 9. 9862340 
943946729 [99862017 
j23 943951658 9.9861693 


[45 
46082972) of - 
46078007 308 

46073048! 613008 
(6068095 ql 370th | 
«6063145 ,013731 
46058296 
66953271 
6048342 5 
+60.43419{ 0136 


S 
43 

42] 
4t 
94974189 10,59259$10140 


(13 Vp 
Fe) | 1 
4Olz0Jj 


— — —_— 
944979453} 10,5920547 
944084712; 105915288: 
944989965 | 10,5910035 


39 
35 || 
37| 


944095212 


[24[9,3956581 


25 


| as 943966410 


943961499 


9, 3971315 
9, 3976215 
9, 3981ro0g 
I 398 5996 


949861045 


9.9861369 


0 EM 
9.98607 20 
949860394 
9.9860069g 
9.9859742 
9,9859416 


SINVS, 


[5a 1092T 


| 644100454 


| nnonmnonnrmenng | 


[944105690 


9,4116146) 
9,4121366 
944426 F81 


| Tangens, ; 


IO, 5904788 
I045399546 


10,5894.310 
I0,5889079 
I0, 5883854 
I0,5878634 


I0,5873419 
— _ 


36, 


66038501 jor 
16033590; | 
16025685 [21H 
46023785 |,01306 
60188910 
Sound a 


118 
3313 


3 po 


3386p 
3412 


13 


134707 
13500 
13549] 


13 


— 


136048 


413008 
a137af 
of 


— 


013 0p 


1 


01383 
(013% 
Fl 


I 4 grad. 


Ge 


$1 Ys. | Compl. 


; w"— 5$996-9.9859416 


990878 9.98 59089 
995754 9.9858762 
000625 '9,98 53434 

4005489 9.9858106 

94010348 9.98 57777 


$4015201 9.9857449 


J04 MX 


9,9857119 


509 9,9856790, 


429734 949856460 


___ 59 


4039378 


| 


196 [9,4 985 5467 


249009 


0953816 
Mo58617 


$903413 
4068203 
4072987 
4c 766 


949855135 


9.98 54$03 


| 


9.9354471] 


9498 54138 


9,9853805 


9,9853471 | 


(99853138 | 
82539} 9 949852803 


87306 9.9852468 
068 9,.9852133 


9024 9.9851798! 


Mior57; 9.9851462 
ic 0320'9,985LI25 


— 
bn? 
_y 


M 1959 


9.98 50789 


i793 9.938 50452 
| $120522 9.9850114 


25245! 9498497 76}, 
K29962 949849438 


1 = 
"7 i 


\ Y\Conpl. 


7 - 
G . 


SINVS. 


9.9855798! 


| 


| | 


TANG. 


——emenmteam—es 


nn n—————_—_— 


944131789 


9,4126581 | 


Tangens 
Compl. 


DE ——— 


10,5873419 


[10,5868217 4 


Ar.com. 


Ovuns. 


e6014004 


—_ 


(16009122 


| 


Ar, com. 
Sin. com 


cmnmmmranny? 


0140584, 


— — 


'OI40gT1 


944136993; 10,5863007 
944142191 | |10,5$57809 
944147383|10,5852617 
9:41 52570| 10,5847430 
9,41 $7752 I0,5842248 
9,4162928; I0,F837072 
94168099 10,5831901 |: 


9,4178425' 10,F821575 


944138729 I0,581127 
9.4193874, 10,5806126 
9.4199013 1045800987 


9,4209274 10,5790725 
9.4214398 10,5755602 
19.4319515 10,5780485 
9,4224628 1095775372 
944229735 | 10,5770265 


9,4173265 | 10,5826735| 


9,4183580 raſtre I9 
13 


9.4204146 1045795854 | 


,6004246- 40141238 
+F999375 40141566 
+5 994511 1413944 
45989652 | 0142223: 
W—— —  —— 
15984799 0142551 
45979952 40142881 
+597 5111, ,0143210 
45970276 0143540 
Yor ogy 0143871 


[,5960622 | 10144203 
'5955804. 0144533 
+59 FOWgT 0144865, 
15946184 0145197 
5941383 , O145529] 


17 
16 


"5 


14 -[,5936587/,orge6 
13] (45931797 OL461g95 
12} +3927013 0146529 
11] $3922234) ,0146862 
10| +5917461, 10147197 


944234833] 
9,.4239935 
9,4245026 
9,425OII3 


9,4260271 
9.4265342 
9,4270408 
944275469 
9,4230525 
Tangens 
Com ple 


9.42 55194; 


1045719475 


10,5765162 F 
1045760065 8 
10,57 54974] 7 
10,5749987 

Io, 5744806 - 
10,57 39729] 4 
10,5734658] 3 
I0,F729592; 2: 
I0,5724531 


TANG: 


v5 907932 
45903176 
+5898425 
+5893680 
e5888941 
143884207 
45379478 

45874755 


open 
| 
6] 


[0148538 


40147532 
«0147867 
40148202 


10148875 
«OI 49211 
10149548 
10149886 
«0150224 


+F870038 «2150562 


w=— orad. 


REG 7 » 
' Lg . 
A {EOm., Ar. Cor 


. ls 
mus, Sin. com 


Tangens 
Compl. 


[045719475 
—— 
1045714425 
I0,5709379 
9.4295661 | 1045704339 
9,4300697 , 10,5699303 
9.4305727|10,5694273 

ST ns 
9.4310753|10,5689247 
944315773} 10,5684227 


SINVS.- 


TANG. 


M 


— 


15870038 


— 


"3p 
©| 9441299C2 9,4250525 


f 1194134674 

21944139381 
_ 31944144082 
| 419-4148778 
I $1944153468 


| 6194158152) 
71 9.4162832 


919349438 
9,9849099 
9.9848760 
9.9843420 
949848081 
949847740 


60 


39 
58 
37 
56 
35 
54 
53 


101 505641 , 
= 


— Q 


#865326 
+5860619] or51 

e585 5918] or5t ho 
+5851222] ors 
$5846532/,01 
15841848),015 66 


9,4285 575 
944290021 


£1 50g 51 


I; " 
32200 


9,9847400 


| 


+ 
9,4209330 
[9,4218566 


3194236974 


7[9:4255299 
28 | 44259867 


9.4167506 
9.4172174 
944176837 


þ 


p 


/ 
9,4181495 
9,4186148 


194190795 


944195436 


944200073; 
9,4204704 
94213950 
94422317067 


9,4227780 
944232380 


944241563 


944246147 | 


9442590726 


944264430 
942689 88 


Sinus, 


| Comp. 


9.9847059, 
9.9846717 
9.93846375 
9.9846033 


9.9845690 
9.9845347 
9.9845004 
9.9844660 
9,.9844316 
9,9843971 
9.9843626 
9.9843281 
9,9842935 
9.9842589 


9.9842242 
9.9841895 
9,.9841548 
9.984100 
9.9840852 


9, 9840503 
9.98401 54 
9,9839805 
949839455 
9.9839105 


| 944365704] 
9,4370670; 1045629330 
9,4375630} 


9.4320789 
9, 4325799 


9,4335805 
9.4340800 
9.4 345791 
944350776 
944355757 


I —— — 


9,4360733 


9,4380587 


— 


9.4390485 
944395426 
944400363 
944405295 

, 
9,.4410222 
9,4415145 
9.4420062 
944424975 
944429883 


Tangens 


9” 4330804 | 


I0,5664195 | 


944385539, 


Comple. | 


10g 56792 IT 
1045674201 
I0,5669196 


————— 
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SI 
50 


1045659200 


49 


[48 


1045654209 47 
I10,5649224(46 


I0,5644242 


10,5639267 
10,5634296 


10,5624369 
I0456194r3 


+ 5 
$3 
42 
41 
40 


1045614462 


10;560gF15 
10,5604574|37 , 
36| 


045 599637 
I045 594705 
1045589778 
IOz5 5384855 
10,5579938 
I0,5 575025 


39 
38 


35 
ee 
33 
32 
31 


IO55F7JOLLT7: 


TANG. |M 
anitmcaen—_dd 


One 0" 


30 


1 


65832494| 


45827826 


e5823163 


— 


45818505 


«5813852 
i580920F 
'+5804564 
43799927 
— — 
+5795296 
| 45790670 


$5 786050 |,o1 56716 
+e5781434 


+5 776824 


| 65772220 


+5 767620 
+5763026 
45758437 
65753353 
65749274 
| 5744701 
45740133 
+5735570 


01 54310 
1546 

{154990 
155346 
£15 "oF 


41 500, 


15637 
ot 57069 d 


0157418 


10157750 
015810 
0158451 
(01550 
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(015949 


wn59N 
,o1601 


+$731012 Fall 


g2I6 ozy 5 


—_— 


—_— 


OI 5914 


is 


wry 


Aa 
”  %d 
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" Sinus, 


Compl: 


9,9839105 


94983875 F 
9.9838404 
9.983805 2 
949837701 
9.9837348: 


9.9836996 
9.9836643 
44S ac x 


791 949835936 


| 
949335227 


949834872 


969834161 
9.98z3305 


19+9833449 


9,9833092 
9.9832735 
949832377 


TANG. 


944429883 


9444592432 
944464107 
944468978 


9.4483561 


949834517] 


9.9832019 


9,9831661 | 
9.9831302 


$59 
Byga 9.9830223 


9.9830583 


9. 9829862 


t9,9829 SOIL 


9,9829140 


we7/9 9,9823778 
T- of o 9,9823416 


us SINVS. 


944483413 
944493260 


| 944498102 
< 944 502940 


94507774 
9,4512602 
9,4517427 
| 964522246 
19,4 537001 


944531872] 
944536678 
944541479 
9.4546276 
9,45 51069 


VIII 


9.4500641 
9,4565420 


94 4570194 


9. «4574964 


9,4 434786: 


944454352; 


944473843: 
94478704. 


| 


Tana 1 


Con pl. 


10. 5370IT17 


IOzF 565214 
944439685 10,5 560315? 
944444579 1045555421 
944449468  10,5550532 
I0,5545648 


I nmn———_— 


I0,55407681 24 


10,5535893 
IO FF$1022 
10,5526157 
10,5521296 


 ——— 


10,5516439| iy 
1045511587}18 


0,5 506740 
I0,55OrBg8 


10,5497060 IF 


wn |! nad 


I0;5482573 
I0,54777 541 


Cds 


10,5468128 
10,9463322 
I0,5458521 
10,54 $8724 
10,544893L.7, 


1045444143 
I0,5439359 
10,5434580 
1045429806 
10,5425036 
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ES" A IINE 
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25 
22 
21 
20 


= | 


17 
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1045492226114 | 
10,5487398] 13 [4564306] + 
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Fl 


þ 


I 


z 
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4 


I 


—— 


1+5726459, 


+$5721911 
+$5717369 
$5712831 
+5708299 


— CO D—— 


45703772 
15699250| 
+5694733J 
+F690221 
5685714) 


OO ————_— —— 


+F681212 0164773 
+F676715| 0167128 
05672223) (0165483 


65667736] 
45663254 


45658777 


45649839 
45645377 
45640920 
pomen® 
+F 632020 
+F627578 
45623141 
5618708 


{jOIGt 596) 


4016619f| 


-o1 [ 6o895 5 


6t5ts 


3O161 94 ( 
j0162299 
q©162652 
(0183004 
401633571 
(0163710 

101640641 
0164418 | 


— 


0165839 


,o1665 51} 
0166908, 
6167265 | 
ol 67623 
0,167981 
| 0168339] 
50168698] 
,0169058] | 
0169417] 
0169777) 


— 


65614281 


| iqF605440 
+$F601027 
| {45596619 


-J_ 
>» 


4560985 $f (0170499 | 
jus | 


0170138] 


qOI71222 
0171586, 


Ul 


— 


| v+wemrlso 
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oO © © & 


SINVS. 
9,440333c | 


944497754 
9,4412182 
94416576, 
944420965 | 
9,4425349 


944429728 
9,4434103 
944433472 
944442837 
9,.4447197 


944451553 
94.445 3904 
0,4460250 
9.4464 591 
944468927 
Pr 
9,4473259 
944477586 
9,4481909 


PINGEN27) 


01944490540 


9.4494349 
9,4499153 
9:450345 2 


+1 94,4507747 


9,4512037 


9,4 520023 
944524879 
9,4$2915S1 
94533418. 


Sinus. 
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{9,9828054. 
1 9,9827691 | 


9.9327328, 
(949826964 
i ntc400 


FL 36 


9,9825g71, 


9,9325506 


9.9822933 


949822569 
69822201 | 
9.9821831 
9.9821462 
949821092 
AF 40 
9.982 
9.982035 I 
9,9819979 
9.98 19608 
9.9819236 


944516322 | 
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9,981 8863] 
9.9818490! 
9,9818117 
9,98 17744 
9, +9817370 


SINVS, 


_=_ — 


9.9825140 
949824774, 
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9.9324408, 
9,9824041} 
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[ 


i 
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| 944579730 | |10,5420270{5 
| 944534491 | x0,5415509| 5 


9:4598749 
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944603492 
944612967 


944617 697| 
9,4622423 


944627145 


944631863 | 


þ 
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'{9:4594001; 


10,53495999 
1045401251 


10;5396508 
10,5391768 
1045387033 
10,5382303 
I0,5 377577 
I0,5372855 
1045368137 
1045363424. 


_ 


9.4650690 10,5349310 


q 9,46 55385 
| 9.466078 
9,.4664765 
9.4669443 


9.4674127 
9, 46788302 
9 446383473 
9.4683139 
9,46$2801 


9,.4697459 
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9,4706762 


(9.4711497 
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I0,5330552 
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x0,5311851 


I0,5307199 
I0,5302541 
19,5297888 
L0,5293238 
1045238593 
10,5283952 
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| TANG. 


73 grad. 


56 
55 
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$| [45587818 1723 
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4 
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a4 


, 
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i 
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15 500847 01796 
45496548 |,01800 


36 
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32 
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M 
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31 |: 
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| — 
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(5495121 


16 grad. 
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9.6918919 | 949398396 | 9475205 27] 10,2479477 308181 tl 
9,6921155 [949397682 | 917523472 | 10,24765 28] 31 | [43978845 |,c 
9.6923388| 99396968 | 947526420] 1042473580] 391 [4307 66121,0003 

| SINVS.”] Sinus. || Tangens | TANG.|M}! 

Compl. | Compl. | | 


OO ———O—— yp | — 


6 © orad. "_l 


grad. 


| [Ar.com, | Ar. com. 


| Sinus. 


FT 


Compl. TANG. | Compl. Sinus. Sin.com.| 


949396968 9,7526420[1002473 580 13076612 1,0603032 
925620 9,9396253 | |9.7529368| 10,2470632 [29] [43074380| 8603747 
7851 19-9395 537 | [947532314 | 10,2467686|28| |+3972149| 0604463 
6930080 99394321 | [947535259| 10,2464741 43069920] 0605179 
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9.6991887 
946994073 
9469962 58 
946998441 
9,7000622 


949374577 
949373847 
9.9373 T16 
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947035329; 9,9359381 
967037486 | 9+9359141 


4 


947041795 


 9.7046099 9.9356177 
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27100 


. dis'sh 


| 
] 
| 


4 
— N 
- 


32290 


1331 


3572 


365 
37 
38327 


3919 


40 (6 


_— 


_— 


28821 


30545 
3147 


339 
2467 ; 


34 grad. 


"4 


SINVS. 


[20| 947531280 


ar 1967533118 
221997534954 
231947536790 
( 947538624 
1351947 £49457 
[as |9.7542288 
$7 (997 544119 
1181947 545949 
ao 1947 547777 
zo | 947 549604 

9,7 551431 
haz [947553256 
[4319-755 5080 

9,75 56902 


51997553724 


9,7 560544 
9, 7562364 
3] 947564182 
11947565999 
c 9,7 56781 p] 
11947569630 
997571444 
9437573256 
9.7575068 
9,7576878 


$1947 578687 
9,7480495 
$81 9+7 582 302 
9,7584108 


— 


| Sinus, 
Compl. 


EE nnnmnmmnnnm——mnt—n— nm 


9,9159937 


969159069 
9,91 $8200 | 


949% 36296 


pur F6460 


949157330 


9,91 55589 


| 


LE ny 


9,91 $4718] 
9,91 F3846 
9, 9152974 
9,9I5ZIO1 
9.9151228 
9.9150354' 
949149479} 
9,9148604 
949147729 
9.9146852 


9.9145976 
9.9145099 
9,91442Z1 | 
949143342 

9.914246 


[TANG. 


[9.8392975 


98371343 


9.8374049 
9.8376755 
9.8379460 
9,8382164 


948384867 


9.3387571 
9.8390273 


9,8395676 


948398377 


is 
9, $403776 
9, 3406475 
98409174 
9,8411871 


9,8414569 
9,8417265 
0.3419961 


| Tangens 


10,1612429 


10,1604324 


7 ———_—— ———— 


9.8422657 
9,8425351 


_—— 


| 


Compl. 
10,1628657 
IO0,16259F1 
10,1623245 
10,1620540 
10,1617$36 
10,167 5133 


oy 


10,1609727 


10,160702 5 


| 


10,1601623 


10,1598923 
10,1596224 
rot $93525 
I0,1 590826 
IO0,1538129 


I0,L585431 
I10,1582735 
10,1 580039 
10,1977343 


10,1 574649 


I inn no 


9.9141584 |9.8428546| 101571954] 9 


949140704 | |9,8430739 | lo,i569261 


9.913806 ( 


9.9137179 


9,9135413 
9,9134F30 
9,9133645 


SINVS. 


(948438947 
9.8441508 
9, 8444199 
| 9438446389 
9,38449579 


9,845 2268 


| Tangens 
Com ple, 


| TANG, 


OTF 53101 


92.9139824 | [{9,8433432| 10,1566568 
9.913894 3! [98436125 


I0,1503875 
LO,LFO1 183 | 
I0,1558492 
IO,1F5580T 


I0,1550421 
10,1547732 


| F WI ns 


23} 
22, | 
271 | -2452223 (,0847899 


20 
9 
18 
17 
16 
5 
I4 
I3 
12 
It 
Io 


8 
7 


x 


| 


Ar.com 
Sinus | 
+2468720 
2466882 
+4246 5046 | 
+2463210 


[42461376 
[+2459543 40844411 


> — 


(2457712 
.24 55881 
«2454051 


+2450396 


—Q  — 


[Ar.com. | 


Sin.corn, 
+©0840063 


+©840931 
0841800 
+©0842670 
«0843540 


»O845 282 | 
«0846154 
0847026 


«0848772 


—— 


6 2448 569 »0849646 


|, 2434001 | 
62432185 | 0857536 


4 24430370{ 0858416 


| 


| (2421313 
| +£41950F, 


——_—_ 


: orad. 55 


(2446744 
+44449zZ0 
+2443098 
+2441 276 
«2439456 
2437636 
+243 5818 | 


— = —_ 


42428556 
+24260744 
+24249J2 
+242J1I22 


TD TE —— 


424.17698 
+241 5892 


$OBSOFBL 
,085 1396 
«0852271 
«0853148 
+085 4024 
e085 4901 
B85 5779 
q©856658 


f 


+08 59296 
. o860 I 76 
0861057 
«0861939 
086283 « . 
0863704 
0864587 
0365471, 


+2414087 


0866355 


E 4 


4 


wo Bk. _ 
o 


[u>wn-lo| 


A 
—_— 


| 5.0 ww 6. 


; 


455 


18 
9 
21 
22 


SINVS. 


94758771 ; 


9,7594920| 


9.7 596718 


97598515: 
9,7600311 


9,7602106 
947603899 


| 9,7605692 


947607483 
967609274| 
9,7611063 


16, 
179+ 7616424, 9,9118528 


9, 7612851 
MT STR 2-4 
9,7614638 


9,7618208 
[0,2619992 
947621775 


947623556 
947625337 


we 


26 
27 
28 


30 


9476271 16 


24| 9+ 7628894 '9,9112257 
25 9.7630671|9,9111359 


[3 2632447 


947634222 9,9109561 
9 7635996 9.91086651 | 
29 | 9476377 69 9,9107761 
9, 7639549 9,9106860 


po IR 


Sinus. 


Compl. 


97589519 [9,9131875 | 
997591321 'g;9130989 | 
9,7593121 [9,9130102 
9.912921F 


9.9128328 
949127440 
94 9126F5I 
9,9125662 


35 grad. 


Sinus, | 
Compl. | 


————— —— 


9$.9132760 


' 


nm es 


9.9124772 
———— 
9,.9123$882 
949122991] 
9,9122099 
9,9121207 
9,912031r5 


9.9119422 


Pe9t7034, 
9,9116739 
9.9115844| 
| 


9,9114948 | 


9.9114051 
9.93155 


A een e—nm————cm—ts 


9,9110460 


DINVS, 


19-3476444/ 


(9.8495216 


[9,8513961| 


a 


[TANG. 
9, 8452268 


9.38454956 
9.8457644 
9, 8460332 
9,8463018 
98465705 


9,.8468390 
9,8471075 
9, 8473760 


9.8479127 


9,84831810 
9, 3484492 
9. 8487174 
9,8489855 
9,8492536 


9.8497896 
9,950057F 
9.8503253 
Sake 


nt 


9, 8508608 ! 
9,85112$s5 


9,8516637 
9,8519312 


9.8521987 
9. $52466T 
94352733F 
943 530008 
948 532680 


| Tangens | 


Compl. 


60 


10,1545044159 
IO0,1542356 | 58 
10,1539668| 57 
10,1536982| 56 
IOo15 34295 55 


I0,15477321 


IO01531610|54 
10528925153 
IO0,1526240{ 52 
IOI5235561 SI 
10,1520873|50 
10,151$1901 49 
IO,15155081[48 
IO,1 $12826|47 


| Ar.com., ' 


*Sinus, 


12414087 
42412233 
+24 10481 
+2403679 
42406879 


, 


2403282 


142401485 


wg 


IC1510145146 
IO,1 107404 45 


_ — 


1041504784144 
10,1502104143 
10,1499425 [42 
10,1496747 41 
101494069 [40 


10,14913921 39 
1041488715138 
10,1486039 ] 37 
10,1483363 | 36 
10,1480688, 35 
I0,1478013 34, 
10,1475339133 
10,1472665, 32 
I0,146G992 | 31 


I0Q14673 20{30 


Tangens 


Comple, 


[42365778 


TANG. by 


42399689 
423 97894 
42396101 
+2394308 
+2392517 
42390726 
42388937 


,2405080!, 


+0872560 
40873449 
10874338 
1987 5228 
©9761 
19977009] 
40377901 
0878793 


42387149 
62385362 | 
42383576 
,62381792 
[42380008 
[42378225 
|.2376444 
+2374663 
42372884 
+$2371106 


+2369329 


—Q .—_—— 


42367553 


42364004 
42362231 
42360460 


WR OC ————y 


54 grad, 


4«287g685 
408805 7$ 
+088 1472 
40882366 
40883261 
408841 56} 
qgmogmady 

+088 5052 
098 5949 
«0856845| 
0887743 
0888641 
«0889540 
42890439 


,0891339] I 


10892239 
0893140 


PY. Land 


5. grad. 


——— 


- 
O— 


| 


il | 


6 


7 


+1 9,766071 5 


[3 


45 
7 


; 


[ 


"1947639540 


9'9,7648332 


= 147 


919,765 5436 


967641311 
9, 7643080 
9,7644849 
947646616 


9.765191 [| 
9,765 3674 


9,76 57197 


9,7658957 


|S as 


SINVS. | 


Compl, 


Ot > —— — 


9,9105959 
[9,91050F7 


9,9 T0415 5 


9,9 103251 
9,9102348 
9,9101444 
9,9100539 
949099634 
9,9098728 
9,9097821 


94909691 5 


9,90906007 


9,76624.7 3 
9,7664229 
9,766 593 $ 


9,9995099 
9.9294190 
9,9093281 


947667739 |9,9992371 


9,7669492 
947671244 
947672995 
9,7674746 


9 7676494 


9,7678242 
97679989 


— 


119,7685223 
| 9,76 86966 
v19,76 88707 


9,769044.8 


919,7692187 
— 


SINVS. 


tes mm 


9,909 I461 


949090550 
9,9089639 
949088727 
— 
9,9087814 
9,9086901 


| 97681735; 9,9085073 
19.7683480 9,9084159 


9,.9083243 
949082327 


9,9031411 
9,9080494 


9,99079576 
Yinus, 
Compl. 


9,9106860} [9,8532680 


948540694 


TANG, 


— 


9,8535352 
ap S bee 


948543 365 


io 588680 


948546034 
98548704! 
9,8551372 
9.85 54041 
948556708 
9.85 59376 
9.8 562042 
98564708 
98567374} 
9.3570039 
948572704 , 


9.857 5368 | 
9,8578031 
9, 8550694 
9438583357 
9.8 586019 


9.8591341 
9.8 594002 
9,8 59 6661 
9, 8599321 
9,8601980 
9,8604638 
9,8607296 | 
9.86099 54 
9,8612610|x 


Tangens | 
Compl. 


10,1440624' 20, 


10,1427296 


Tangess 
rl 


| 


10,1467320 = 
10,146464$| 2 
10,1461977 
10,1459306 
10,1456635 


I10,1453966 


1 
27| 
26, 
z5| 


Ml 
23 
22 
21 


10,1451296 
10,1448628 
10,1445959 
10,1443292, 


19. 
18 
17 
I6 
if 
ee 3, 2 a 
I0,1421969, 13}! 
10,1419306 
I0,1416643 
I0,1413981 
I0,1411320 
I0,1408659 
$0,1425998, 
10,1403339 
I0,1400679 
I01398020 
rojn395362 
IOQI 392704 
I0,1390046 

191387390, 


10,1437958 
10,1435292 
10,1432626 
10,1429967 


— 
-0 


OD laoecywGev | 55 


Ar. com. 
Sinus, 


+2. 360460 
9 | [+23 58689 
+2356920 
2355151 
92.3 533534 
42351618 


— — —— — 


L Sin, OP 


10893140 
«0894041 
0894943 
10895845 
19896749 
40897652 


——— 


e2349$53 0898556 


42348089 
#2346326 
+2 344564 
$2342803 
42341043 
e2339285 
62337527 
42335771 
e2334015 
+2332261 
$2330508 
«42328756 
42327004 
e2325254 
+2323506 
+3321758 
+2ZZOOI I 
eSZ1 $265 
e2316520 


12314777 
+2313034 
+2311293 
4230952 

(2307813 


60399461; 
e0900366 
+OJOIZ72 
£©902Z179 


,090 zos5 
42903993 
«090490! 


40905810 


409067 I9 


— — — 


40908539 


40909450 


40910361 
(ODIIZ273 
+O9I 2186 
10913099 
+0914012 
+o914927 
«O91 F841 
10916757 
10917673 
40918589 
10919506 
10920424 


TANG. G.j 


| | 


tt. 


54 orad. 


—_— ewe 


n 
ls 


3197697398 
49, 76991%4 


27947704332 
94770606 3 


| 


947707793 
047709522 


947711249 


| 


Sinus 
Compl, 


9,9079576 


9,9078658 
9,9077740 
9,9076820 
9,907590I 
9,9074980 


9,9074059 
99907 3138 
949072216 
9, 9O7T293 
9,907 0370 


949069446 


947712976 


9,7714702 


9.771987 [9,9064819 
947724593 


947723314 
947745033 
9, 7726751 


9, 7723468 
94773o1i85 


947716426 |9,9066671 
9977 18x50{9,9065745 


9,9068522 
949067 597 


9,9063892 
949062964 
949062036 
9,9061107 


9, 9060177 
9,9059247 


9477 31900 
9677 33614 
9477 35347 
———_ —- 
97737039 
947738749 


| 947740459 


947742168 
9477 43876 


949058317 
949957386 
9,9956454 


9,905 5522 
949054589 
9,9053656 
949052722 
9,9051787 


Sn NVS. 


| 


| 


| 


9,8612610 


9, 8615267 
948617 923 
948620578 
9,8623a 33 
9,862 5887 


9.862854: 
9,8631195 


9.3633848|[10,1366152 
9,8636500|10,1363500 
9,.8639152|10,1360848' 


9, 8641803 
9.86444 54 
9,8647105 
98649755 
9,86 52404 


9,865 5053 
9,8657702 
9, 8660350 
9,8662997 


(9:8665644 


9,8668291 
$.8670937 
948673583 
9,8676228 
948678373 


9.8681517 


9,8684160 
9,8686804 


9,8689446 
9, 8692089 


| 


CI 


— 


60 


— 


39 
58 
j7 
56 
T5 


10,1387390 


10,1384733 
T10,1382077 
10,1379422 
10,1376767 
IO0,1374113 


) 


| 1041350245 


54 
53 
$2 
31 
$0 
10,1358197 [49 
10013555461 148} 
t0,1352895| 47 

(40 


45 


10,1371459 
10,1368805 


1041347596 


44 


$3 
42 
41 
40 


39 


1041344947 
I0,1342298 
10,13 39650 
I0,1337003 
10,1334356 


10,1331709 


+2293937 
42292207 
12290478 
(2288751 
42287024 
e2285298 
42283574 
2281850 
,2280128| 
42278407 
42276636 
42274967 
42273249 


42271532 


38 
37” 


10,1329063 
I0,1i326417 
I9,1J33772 
I0,1321127 
10,1318483 
IO0,1315840 
10,1313196 
I0,1310554 
I0,13079I1 


| 
35, 


| 
34 
33 
32 
31 
30 


M 


36| 


q2269815 
42268100 
42266386 


42264673 


(2262961 
42261251 
42259541 
42257532 


0932403 


<- * IS >>. Px 
, 13- cas ws WS WS * za. #3 21D 2» 


4109305{4 
«0931478 


40933329 
60934255 


— —— 


40935181 
40936108 


4093992} 
40940753 
40941683 
40942614 
0943546] 


= —— 


10944478 


19454111 
,0946 : 
_ p 


40948213} ; 


—  — 


TANG. 


422 56124 
| 


om 

om, 

424) Y 130] 947743876 
342 þ. 997745 583 

260| & [321 9,7747288 
180] $133] 947748993 

099 $134 9,77 50697 

ol [35,9477 52399 

— ” — L 
941] & 13619,7754101 

—_ 1371967755801 

704) $138! 947753501 

707! & [3919.77 59199 

630 ©14019,77 60897 

Wl | 4: 947762593 

147 F '42{9,7764289 
2493} 1431947765983 

3329] 9, 7767676 
$2551 Þ 145{9.7769369 
5181 F146 947771060) 
61001 BY 4 


7036} 1991947 774439 
7964; 149 1947776128 
$993 50 9, 77778 IF 


1521947 781186 
15319.7782870 


2614 Blreſ9, 7784553 
* s 9, 7736235! 
{4476 $619, 7787916 
WH"! & 157 [9.778959 6 
ou 1819, 2791275 
te” 91947792953 
40219 19[9.7794630 
Sinus, 
1 | Compl. 


9,905 1787 


9,9050852 
949049916 
949048980 
949048043 
9+9047106 


949046168 
919045230 
9,9044291 
9,9043351 
9,904241l 


99041470 
99040529 


949039587 
949038644 
(949037701 


9.9036757 
949035813 
9,9034868 
| 9,9033923 
| 9,903 2977 


9, 9032031 
99031084 
9,903OI 36. 


949029188 


99028239! 
| 


9, 9027289 
9, 9026339 
9,9025389 
9,9024438 
949023486 


—_— 


SaNVS., 


9,$692089 


9, 8694731 
9,.8697372 
9, 8700013 
9, 8702653 
9, 8705293 


948707933 
9,8710572 
9,8713210 


9,8718486 


9,38721123; 
948723759 
9, 8726396 
98729032 


948736937 
948739571 
9,8742204 
9, 8744838 


9,8747470 
9, 8750102 
9, 8752734 
9,8755 365 
98757996 


9,.8760627 
9,8763257 
9*8765886 
9.8768515 
9.8771144 


9,871 58481 10,1284152 


948731668 | 


9487 34302 | 10,1265698 
I0,1263063 


10,1307911 
10,1305269 
10,1302628 
10,1299987 
10,01297347 
10,1294707 


10,1292067 
10,1289428 
I0,1286790 


I0,12815 ig 


10,1278877 
10,1276240 
10,1273604 
I0,1270968 
10,1268332 


10,1260429 
10,1257796 


IO,12FFI62' 


1001252530 


10' 1249898 
I0,1247266 
10,1244635 
10,1242004 


10,1239373 
1041236743 
10,1234114 


10,1231485 


10,122b856| 


Tangens |TANG. 
Compl. | 


| 


lo Gwwsneawew'! 0 


53 grad. 


| 


_ WY 


— 


I O— ——— 


62256124|,0948213 


———— — —— .— 


+2254417 
+2Z2F2712 


42251007 


42249303 
+2247601 


— 


+2245899 
1+2244199 
12242499 
+2 240801 


(2239103 1109575 bp 


— 


+422 37407 
[43235711 
42234017 
62232324 
142230631 


+2228940 


+42Z227250 
4222F 561 
42223872 
42222185 


— 


+2220499 
+2218814 
42217130 
4221 5447 
42213765 


(2212084 


42210404 


2208725 


(2407047 
42205370 


k 
| 
0949148 | 
40950084, 
40951020 
e095 1957 | 
«09 52894} 
90953832 
10954770 
40955709 
90956649 


— —— 


— — 


9958530] 
10959471, 
40960413 
40961356 
10962299 
= — 
40963243! 
40964187 
40965133 
©966077 
40967023 | 
0967969 
,0968916) 
«0969864 
40970812 
40971761 
«OJQ727I1 | 
40973661 
1097461L} 
9975562) 

40976F14 | 


| 


|; 


Bs 


2 


's 


9 
ee 


Ik 


947794630 


947797981 


97804671 
19,7806341 
819,7808010 


947809677 
9,7811344 
9.7813010 
97814675 
9, 7816339 
9,7818002 
97819664 


967821324: 
9.7822984 
947824643 
947826301 
9,78279 58 


947829614 
9,47 831268 
9 7832922 
947834575 
9, 7836227, 


947837878 
947839528 


| 


9,9022534 


9,9020628 
9,9019674 
9, 90187 I9 


9,9017764 
949016808 
9,901 5852 
9.901489 5 
94901 3938 


99012980! 
9,9012021 
99011062 
9,9010102 


9,9009142 


9.9008181 
9,9007219 
9,9006257 
9,9005294 


9,9003367 
9,9002403 
9,9001438 
9,9000472, 
948999506 


9, 8998539 
9, 8997572 


947841177 
97842324 
94784447 | 


Sinus. 


|SINVS. 


9, 8996604 
9, 8995636 
9,89 94667 


9,9021581| 


949004331 [| 


9,.8771144 


9, 8773772 
948776400 
98779027 
9% 87816 54. 
9, 8784281 


948786907 


948739533 
948792158 


9,8797407, 


9,8800031 
9,8302654 
9,8805277 
9, 8807900 
98810522 


l9,8815765| 
9,8818386 
9,$821007 
9, 8823627 


9, 8826246 
9, 8828866 
9, 8331484 
9, 8334103 
9, 8836721 
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I 040323707 
IO,0321173 
10,03186409 
10,0316107 


[OO3ZI357J 


I0,0311040 | 


100308507 
10,0305974 | 
10,0303441 


30 


29 
128 
27 | 
26 


- 
25 
, 
—_ ' 


Sl 
24 
23 
22 
ZI 
20 


_ 


ET 


949555555 ,10,0341445|15 
14 01621211 [41342300 
13] ,*1679845 [41343469 


IZ 


, — _ 


: Ar.com. 
Sinus. 


61703167 
41701788 
«I7OO41T1 
41699034 


{1697658 


1696283 
41694909 
41693536 
eI692163 
«I690791 
41689429 
41688050 
+16$6680 
416$5372 
41683944 
(1682577 


Ot ——_—e——n_——_ 


'4167$4$1 
+dIG77117 
41675754] 
41674391 
41673030 
41671669 
41670309 
1668950 


— — 


, 
8 
3 


. 
I 
+ 
y 


1662167 


1348151 
41349323 


$135 1669} 
41352344, 


1667592/,1354019! 
1666234 41355194 
,1664878',1356371] 
1663522: 4,4357548 


_ 


Sin; com 
41323691 
PI 20. 
413248349 
41326008 
41327167 
e1328327 
41329488 


41330649 


+1333974 


Ar. com. 


411331811} 


01334137] 


#1 Z3ZSZOI 


ol 336466| 
+I 337631 
e1333797] 


41341132 


— —— Rg— 
_ —_— 


+1344638; 
41345808 
+l 346979 


— 


+1 350496 


_ 


41355725 


+ 339964} 


43 grad, 


—_— 


"hs 


Two Tk 


| 
| 


| 


| 


| 


— M_M_—____— 
II | 9,48352688 9,8628274 |. 
12 9.8354033 9,8627>088 | 


[19 948363431 


Sinus. 


SINVS. | Comp. 


948337833 


943339188 
[948340541 
0.8341894 
9,.8343246 


9,3641275 


90,3640096 
9486389: 7 
0,86 377 37 
9,5636557 


m 
TANG. 


'9,9696559 


[p9G9g09r 
(9;97O1 624 
19,97 041 57 
19.97 06689 


9438344597 


| | 
9.8345978[9,8634194 
9,8334729719,8633011 
9.834864619,8631828 
9.8349994 9,8630644 


19,8351341'9,8629460 


© ov '& 


948635376, 


19» 19709221 


049711754 
949714286; 
949716818 
949719350 
9.9721 852 


| 


131948355378. 9,3625902 
14] 9483 567 22 9,8624714 
(51948358066, 9 


949724413 
949726945 
949729477 
949732008 


5 9:83 $9408 
17|/9,.8360750 
18-9,3362091 


——_ 
948622338 
948621148 


9,8618767 


20 9,83047711|9,8617576 


— 


21 9483656109 9,8616383 
32 9.8367447 9,8615190 


123 9.3368784 9,8613997 


24 948370121 . 9,8612803 
25 998371456, 9,86 11608 
= CR ES 
26; 98372791 '9,8610412 
27 9,8374125 '9,8609215 
28 948375458 9,8608018 
29943376799 9,8606321 
30 Pet "$122 bona 


 SINVS. 


20> 


Ee Comp | 


98623 526| 


| 


WI o——_— _— — __ 


949734539 


| 9.973707] 
949739602 
949742133 
949744664 
94974719) 


949749726 
l9,9752257 
9,97 54787 
949757318 
19*9759849 


| 0, 9762379 


| 


| _ 


Tangens | 
Compl. 


109,0303441 
10,0300909 
10,0298376 
10,029 5843 
I10,0293JJlI 
10,0290779 
I10,0288246 
1070285714 
10,0283182 


[0,0280650! 5 
10,0278118 
dadr erty 
10,92730F 5 


| 10,0270523 


10,02C 7992 
10,026546 


Re NY 


10,0262929 
10,0260398 
LOo,0257867 
I10,0255336 
I0,0252805 
10,0250274 
I0,0247743 
10,0245213 
10,0242682 


10,0240151' 6 (16.8544 


10,92 3762 I 


9,9767440 
9, 9769970 
94 977 _ 50O 


—_— 


94 9764909 (10,0235091 


I0,0232 560 
10,02 39030 


10,0227500| 30 


— — —wm_—_— 4 


46 grad. 


(44 


45, 
142} 
Fre 
(40 
39. 
38; 
37 
36} 


an—_ | 


33, 
3J2 
JI 


1ANG. 54 


IAr.com. 


Sinus, 


[ 
| 


41662167 


—OOn— ——— 


41660812 


[41655403 


+1659459 
41658106 


41656754 


— 
141654052 
41652703 
#1651354 
41650006 


'Sin.com, 


41358725 


+1359904| 


41362263 


—— —_— 


+1361083 


61363443 
41 364624 
+1 365896 
+l 366989 
eI 368172 
41369356 


41648659; 


41047312 
1045967 
{ 644622 
,1643278 


| 1641934 


41640592 
1639250 
+ 163790g 


(1636569) 


41635229 
16393891 
41632553 
{41631216 
141629879 


. 


41370540 
41371726 
41 372912 
41374098 
[41375286 
41376474 
41377602 
41 373852 
41 380042 
41381233 
41352424 
11383617 

41 384810} 
+1 386003 
(1 397197 
+1350 392 


I647209 


01624542 


he 


Siaks [41621878 


1138958; 
5 | 41390785} , 
41391992] 
(el 393179 
41 39437 dl 


grad 


SINVS. 


9,8378122 


948379453 
9,8380783 
9.8332112 
9,8333441 
943384769 


9,8386096 
9,8387422 
9.8388747 
945390072 
9.8391396 


9,8392719 
9.8394041 
948395363 


Linus, 
Compl. 


9,8605622 


9,8604423 
948603223 
9,8602022 
9,8600821 
9,8599619 


— —— 


43 


[TANG. 


9.9772500 
9,9775030 
949777560 
949780090 
9,9782620 
9,9785149 


R————— 


19+8598416 
948597213 


9,.8594804 


9.8592393 
PLB5PLIOG 
9.85899 78 


9.839668419,8588770 


98398004 [9,8587561 


9:8399323 
9.8400642 


98404563 


948407223 


RS 


948408537 
'9484098 50 
(94841 1162 


998413785 


$19,8415095 
1948416404 
p 93417713 


Sinus, 


| Compl, 


948405908 


— CO —— 


96541 2474 


| 9,8 580351 
9,8585141 


$840195919,8583929| | 
19,8403276. 9,8582718| 


(9. 8581505 
9,8580292 
9485790 78 
9,8577863 
9,8576648 
9.9575432 


9,8574215 
948572998 
| 9+8571779 
943570561 
948569341 


5INVS, 


9,9787679 


| 949790209 
9,8596009 | '9,9792738 
| |[9,9795268 
9:8593599| 


949797797 
— —— 
9,9800326 
9,9802856 
9,9805385; 
| 949807914 
9,9810443 


9,9812972 
9.9815501 
9,9818030 
9:9820559 
[9+9823087 


{ 


| 9.982 5616 
9, 9828145 
'9,9830073 
949833202 
9.9835730 


9,9838259 
(9,9840787 
[9.984315 
9.984 5844 
9,9843372 


Tangens 


IT 
Compl. | 


I0,0227 500 
10,0224970 
10,0222440 
10,0219910 
1040217380 


30 
29 
28 
27 
26 


1040214851 


I0,0209791 
10,0207202 
10,0204732 
10,0202303 


10,0199674 


100212321 |24 


25 


23 
22 
21 
20 


I9 


10,0197144 


10,0192086 
I0,01895$7 


k 


10,0187028 
10,0184499 
I0,0181979 
10,0179441 
I0,0176913 


10,0194615| i7 


18 


16 


IS|. 


88 
I3 
I2 
It 
$() 


1040174384 
1TO,OI7I855! 
L10,0169327 
10,0166798 
10,0 164870) 


DO — — — 


10,0161741| 4 


IC,O159213 
I0,01 56685 
IC,0154156 
IO,o1r 51628 


TANG. 


Comple. | 


F| 


9 
Y 
7 
6 
5 


| 


—— — C—W. 
comm. ax —— — — —___— AT Io LO IER>oeoTo 


46 grad, 


Ar.com, 
Sinus, 


411621878 


| 


(1619217 
+1617888 
(IGIG559 
eIGIS231 
+1613904. 
(1612578 
q1GIIA253 


1609928 
,I608604 


[ 
| 
OO ———— 


Lodaratie 


41605959 
41604637 
'+1603316 


Ions, 
41599358] 
#1598041 
[41596724 
+1395407| 
+I 594092 
+1 392777 
+1 591463 
«I 590I5O 
+I 588838 
el 587526] 
QI S86215 
(11584905 
eI583596 


Sin,com, 


41394378 


(1620547[ 41395577 


1396777 
11397978 
el 399179 
41400381 
(11401584 
41402787 
4140399 
onnge 
41406401 
+I 407607 
+1408814 
41410022 
+14I11230 
41412439 


+1413649 
+I414859 
,1416071 
41417282 


,1418495 


41419708 
41420922 
41422137 
41423353 
41424568 


41425785 
+1427002 
+1428221 
e1429436 


1582287! 


41430639} 


Ar. com, | 


| 
| 


— —_ W_— kh att..d 


= | 


c1Nvs. 


LPTTYTAYEY 


zP2 


[ 


| 36 @vw 6 


[26|9.8451470 
js 


9,8417713 


; Sinus 
|Compl, 


9.856934 I 


9.841 9021 | 


9:8421634. 
9.8422939 
9.38424244 


9.3426851 
9.84233 54 
9.8429456 


—_—— 


9.342 -548| 


9.84307 57 


9.8432057 
9.8433356 
9.8434655 
9. 8435953 
9.84372 5O 


9:8439843 
9.8441337 
9.8442432 
9. 8443725 


9.8446310 
9. 84476031 


9.8452758 
28|9.3454045 


Sinus. 
Compl. 


9.844505! 


o.8568121| 


9:8420328 ; 9, 8566900 


9,856 56781 


9+8564455}, 


9.8563232 


9. 8562008 
9.8560784 
9.85595 58 
9.85 58332 
9,.8557106 


98555878 
9.3554650 
9.8553421 
9.8552192 
9.85 50961 


9.8548499 
9,8547266 
9.8546033 
9:8544799 
— ——— 
9.8543564 
9,3542329 


19.35 398356 


[25 [9. 8450181 9.853865 


nn nr nant Atom 


90.8537381 
9.8536142 
9, 85 34902 


a6 9.845 5332|9,8533662]j 
13919 $456618 9, $532421 


SINYS. 


Y. 


TANG. | 


44 grad. 


Langen 


ECL nn —a————n_—_ 


Caupl. [ 


9.9848372]10,0151628; 60 
«tne. f — — 


9.985090! 

9.985 3428 
[5.98559 56 
9.98584834 
9.986 IO12 


| 


| 


| 10,0138988 55| [+1575756 


—————— — TN 


10,0149100| 59 


10,0146572| 58 


10,0144044 
IC,o141516 


$7 
56 


'$.9863540| 10,0136460 54 
9.9I66068 * ICI 33932; 53; 


9.98685 96 I0,01 31404 ſ2 


9. 9371123 
9.987365r 


9, 9876 179 
9.987$706 
9.9881234 
9.9333761 
9,9836289 


roman g—_— 


9.9891344 
9.9893871 
9.9896399 


—_— w——— 


10,0128877 
100126349 


r00123$21 
I0,0121294 
I0,0118766 
I0,0116239 


FI 
5O 


49 


48 
47 
46 


300113711 [45 


98438547 ' 9.8549730 9.9888816 10,0111194 


IO0,01086 56 
IO0,0106129 
YO,010360T 


9.9898926 10,0101074 


| ' 
9.9901453; 10,00985 47 


9.99039$1 i0,0096019 38! 
9.854093] 9.9906508 10,0093492 37 |»15 53399 1458907] 4 


1 
þ 


44 
$3 
42 

141 
40 


39 


9.9909035 10,0090965[36 


9,9911562 


9,9914039 
| 9.9916616 


| 969919143 


19.9921670 [100078330 


10,00884.38 


35 


Madan |< 
I00c8 5911 | 34 
10,0083334) 33 


I0,00808 57 


32 
Jl 


949924197 $0,007 5803) 30 


| Tangens | TA Nu. 


ComplL. 


— 


w——— 


45 grad. 


T1. 


| 


"y 532287 1430659 
oI 580979 
+I F79672 


—— 


e1431$79 
e1433100} 


+1578366 


| +1434322 
«I $7 7061 


+v1435545 
1436768 


— —- wv" oa $4 Wars Ae 


eI 574452 
01573249 
+1571946 
,1570544 
41569243] 


——— — 


e1439216 
+1 440442 
46g 


e1442894 


— —— ———— 


+1444122 
«1445350 
91446579 
+144780$ 
+1443039 
4145C270 
41451501} 
+1 452734 
-1453967| 
61455201 


41 567943 
eI 566644 
«I 565 345 
41564047 
41 562750 


+I 561453 
' I FGOLF8 
41558863 
41557568|. 
I 556275 
+I 554982 
I 553690 


_"* Mx _ ww Cer” 


A > +Þ 


4 1456436 
(41457671 


«1551109 [,1460144, 
,1 549819 [41461381 


O—— 


1548530! (4146:019] F} ; 
"1547242, 41463858] Y | 
1545955 41465098 
41 544668 , 460 
543382 1461] 91467579 


ah 


—_ won $1” ——_— cw . .- . ba 


—= | 


al 


+ [45 9,.8479637 
| 49] 9.480909 


[51 9.8483450 
: (172, 9+8484720 
; +153:9.8485989 


156 9,8489791 
$57 | 2,84919057 
58 9,8492322 
"159 9.8493586 

yo 2e349455o 


'$10vs. | & Compl. 


9*8456618 9.853242. 


9 8457903 '9.8531159 
98459138 9,8529936 
9.846047 9,8528693 
9.84617 54 9,8527449 
9.8463036 9,8526204 


9.846438 9.8524959 
9.8465 199 9,8523713 
9,8466879 9.8522466 
39 9.8461 58, 0,8521218 
49 9,8469436|[9,8519970 
——— > — 
9.8450714,9,8518721 
42: 9,5471991 {98517471 
43; 9:8473267 9 8516220 
| 44 9.8474543. 93514969]. 
45 9.3475817 98513717 


C LEDPEL, 
46 9.8 7709i [9.8512465 


59; 9,8482180 


"14 9.8487257 
55, 9.8453524, 


| 


9,85I12110, 
9.8509957 


9.8508702 
9.8507446 


> 85ongo|| 
9.8594933 


9.8503675, 
9.8502417 


9.8499897 
9, 0498637 
9.8497395|| 
9.849613 
9.84948 50 


SINVYS. 


| 


9.8501157 [9,99$7367 


44 grad. _ 


TANG.| mY *| 


— — 


949924197 | 10,0075803 


949926724 


0,992925I 
949931778 
9,9934305 


9,99 3683 2 


949939359 


nt 
10,0073276 
10,0070749 
I0,0068222 
I0,0065695 
I0,0063168 


I0,006064 1 


949941836] 10,005$114. 
9,9944413]10,0055587 
 9-9946940[10,0053060 


949949466 


9,995 1993 
90,9954520 
9,99 37047 


, 949959573 
949962100, 


| [0,0050F534 


I0,0048007 
10,0045480 
10,004295 3 


10,0040427 
10,9037900 


—— 


9,9964627 | 1040035373 
9,9967154 10,0033846 
9,996g650 ' 1040030320 
949972 207 ; I0,0027793 
9.994734 [ I0,002 5266 


9,9977260 
9.998977 
99982314 
949934840 


| 99939893, 


949992420 
949994947 
949997473 
I ,0G600G00 


| Tangens 


I9,0022740 
I0,0020213 
19,00176$6 
IO,001T F160 
I0,0012633 


| 


— 
100010107 
I0,q0007580 
I0,00605053 
I0,5002 527 


—  ___c 


3 
| 2 


I 0,0009000! 


TANG. 


Compl. 


FE® 


M 


45 grad. 


— 


[+1 508943 


| ——_—_— 


OO ———— 
* 


el 540812 
«1539529 
1 533246 
al 536964 
+I 535682 
el 5 34401 
el S3SIZIT 
(el 531842 
el 530564 
+1 5292.$6 


+I 52800g 
el F26733 


_ ——  — —— —— 


' [+1 522909 


(1521635 


el5$12743 
.IF11476 


Axcom, A 


| 
1543392 


99-2" od 


el 525457 
+1 524183, 


+1 520363 «41490043 
el 519091 |,1491298 
1517820 #1492554 


ol FIG 5ol, 1493SI0; 
1515280! 


al 514011] ,1496325 | 


— 


'"L 310209 


1507678 


| 


«1470064 
+1471307; 
+«1472F$I 
1473796 
«1475041 
+1476287 | 
6147753 

,1478782] 
. 1480930 


+1481 279 
«1482529 
+1483780 
bz 148 5OZ3I 
. 1486283 
«1487535 
1483789 


As; 


$149 5067 


«1497583 
1495843 


— 


«1580103 
eL5QL363 
eIF02625) 


—__ 


(£50642 4 


1505150 


1503887 


| 


-_— 


oT JV3ETP| 


— 


